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1 
Renal Biopsy and Normal Histology 


Debra L. Zynger 


Renal biopsies can be performed percutaneously, in which a needle core biopsy and/or fine needle aspiration is 
obtained, or endoscopically, in which the renal pelvis is sampled. Percutaneous biopsies are used primarily to 
examine renal cortical masses, whereas endoscopic biopsies are used for sampling renal pelvic lesions. This 
chapter addresses percutaneous renal biopsies with renal pelvic procedures discussed in Chapter 8. 


INDICATIONS 


A tissue diagnosis prior to surgical resection is the standard of care for most types of cancer, although this 
is not the case for tumors of the kidney. Use of a percutaneous renal biopsy in the workup of a renal mass 
has several established indications (Table 1.1). Patients with a renal lesion and a suspected extrarenal 
primary malignancy, such as lymphoma or lung carcinoma, may undergo a renal biopsy, as approximately 
half of these patients will have renal cell carcinoma (RCC) (1). In patients with suspected RCC that is 
surgically unresectable, renal tissue may be sampled in order to obtain a diagnosis, and the tumor subtype 
may be used to guide chemo- or targeted therapy (1,2). Renal insufficiency, a solitary kidney, and cardiac 
comorbidities render some patients to be poor surgical candidates. In these patients, it is prudent to 
determine the diagnosis before proceeding to surgery to be certain that the mass is malignant (1). 
Radiologic findings suggestive of infection or an inflammatory process such as xanthogranulomatous 
pyelonephritis may prompt a renal biopsy to ascertain the cause of the mass. 
In addition to these established clinical scenarios, there are emerging indications in which a renal biopsy 
may be pursued. The increased use of abdominal imaging has led to more frequent detection of small («3 to 
4 cm) renal masses. Approximately 1096 to 1596 of solid renal masses are benign, with benign tumors 
proving to be oncocytoma in 70% of cases and angiomyolipoma in 20% (Fig. 1.1). In this subset with benign 
lesions, the morbidity and cost of surgery could be avoided via a diagnosis given 

p 
from a renal biopsy (3). Cystic masses may also be indeterminate upon imaging and thus a biopsy could 
assist in the diagnosis (4). 


TABLE 1.1 Indications to Perform a Percutaneous Renal Biopsy 


Established indications: 


Suspected extrarenal primary malignancy 


Imaging suggestive of unresectable renal cell carcinoma 


Mass in a patient that is a poor surgical candidate 


Concern that renal mass is due to infection/inflammation 
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Emerging indications: 


Small mass or cystic mass indeterminate for malignancy upon imaging 


Characterize a mass for which active surveillance or ablation is considered 


Surveillance after thermal ablation 


Another emerging indication is due to in vivo ablative techniques being increasingly used. It is desirable to 
have a tissue sample prior to ablation, and this treatment may not be appropriate for patients with 

P.3 
high-grade RCC. A tissue diagnosis obtained from a renal core biopsy could result in the avoidance of 
ablation in those found to have benign tumors, provides a pathologic diagnosis for patients that do proceed 
to ablation, and directs patients with high-grade tumors to surgery (5,6,7). Additionally, a substantial 
proportion of suspected RCC (37%) referred for ablation has been proven to be benign using a 
percutaneous biopsy (5). Without a renal biopsy, these patients would have continued to have the 

P.4 
incorrect diagnosis of RCC and would contribute to an overestimated long-term cancer control efficacy of 
ablation (5). Following ablation, a renal biopsy may be performed to confirm success of the procedure 
and/or assess for recurrence subsequent to suspicious imaging (8). 


FIGURE 1.1 CT-guided renal biopsies. A: An 80-year-old man with a 2-cm left renal mass that was 
diagnosed as an oncocytoma. The patient has been on active surveillance for the past year. B: A 31-year- 
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old man with a left 4.5-cm renal mass suspected to be malignant but was diagnosed as a fat-poor 
angiomyolipoma. The patient is undergoing active surveillance. C: A 77-year-old man with a 3-cm right 
renal mass that was diagnosed as RCC, clear cell type, grade 2. The patient was placed on active 
surveillance and has been stable for 2 years. 


FIGURE 1.1 (Continued) 


Active surveillance is now a consideration, even for certain patients with RCC. This approach is reasonable 
as detection of small renal masses has increased the most in patients 70 to 89 years of age (Fig. 1.1) (9). 
The elderly population is more likely to have comorbidities limiting the feasibility of performing surgery 
safely, and also this cohort has a decreased life expectancy due to other non-renal tumor causes, offsetting 
the benefits of surgery. Supporting this notion, no survival benefit was identified for surgical resection of T 1 
RCC in patients older than 75 years of age (10). Active surveillance for a small mass diagnosed as RCC is 
an area which is currently evolving and involves combining the patient characteristics, tumor size, 
histopathologic diagnosis, and tumor growth rate as detected by serial imaging. Recently, a strategy in 
which renal tumors smaller than 4 cm are stratified into benign, favorable, intermediate, and unfavorable 
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has been proposed (11). Using this strategy, chromophobe RCC, grade 1 papillary type 1 RCC, and grade 
1 clear cell RCC are considered as the favorable group, and these undergo active surveillance. The 
intermediate risk group of grade 2 clear cell RCC, grade 2 papillary type 1 RCC, and oncocytic tumors not 
otherwise specified, undergo active surveillance if smaller than 2 cm and surgery if 2 to 4 cm. The 
unfavorable tumors, grades 3 to 4 clear cell RCC, papillary type 2 RCC, and RCC not otherwise specified, 
are managed surgically. Further research to define the optimal treatment algorithm, including active 
surveillance, is necessary. 


PREBIOPSY STUDIES AND BIOPSY TECHNIQUE 


Computed tomography (CT), ultrasound, and magnetic resonance imaging (MRI) are used to characterize renal 
masses, but only 17% of benign tumors are correctly diagnosed using imaging (12). Evidence for a benign lesion 
include the presence of intratumoral adipose indicative of angiomyolipoma or a nonenhancing lesion with smooth 
walls suggestive of a simple cyst. Most angiomyolipomas can be confidently diagnosed using imaging; however, 
fat-poor tumors may be misdiagnosed (2). A mass with ill-defined borders and/or perinephric stranding raises the 
possibility of pyelonephritis. Oncocytoma has characteristic CT imaging features including a homogeneous, 
hypervascular appearance with or without a central scar. However, many oncocytomas lack these classic 
features using CT or MRI, and a definitive diagnosis necessitates histologic sampling (2,13,14). 


Prebiopsy workup includes clinical and laboratory assessment for bleeding risk (15). Most commonly, renal 
biopsies are obtained with the patient prone or semiprone or a lateral decubitus approach. CT or ultrasound 
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guidance or a combination of the two modalities is used (Fig. 1.1). Benefits of CT guidance include better 
visualization of the tumor and needle and thus easier avoidance of necrotic areas, but it is more costly, takes 
more time, and exposes the patient to radiation (6,16). Ultrasound guidance provides more flexibility with 
approach, can be used in multiple settings, has real-time imaging, and is lower in cost (1,6,16). However, bowel 
and the pleural space may be difficult to visualize. Both CT and ultrasound guidance have similar diagnostic 
yield, and the imaging selected is largely dependent on user preference and experience (17,18,19). Renal biopsy 
pathology specimens that may be collected include tissue cores, fine needle aspiration, or both. A variety of 
needle types and sizes (14 to 21 gauge) with coaxial sheaths are now commonly used (6,7). Cores that are 
smaller than 1 cm or are torn are stated to be unsatisfactory in the interventional radiology literature (6). At least 
two adequate biopsy cores are recommended (6). Central biopsies are reported to have worse yield, perhaps 
due to necrosis, and because of this, peripheral biopsies in larger tumors may provide better results (20). Larger 
core needles (14 to 21 gauge) are described to have better diagnostic yield than smaller (20 gauge) needles 
(21). 


COMPLICATIONS 


Percutaneous renal biopsy is a safe procedure. The most frequent complication is bleeding, but this is 
usually subclinical and self-limited. Approximately 90% of cases will demonstrate renal bleeding on CT 
imaging (22). Rare serious complications can occur. Bleeding requiring transfusion or hospitalization occurs 
in less than 1.5% of cases (2). Bleeding has yet to be associated with needle gauge size or number of 
passes taken, but an increased risk has been associated with poor renal function (23). Pneumothorax is a 
rare complication that can be avoided with a subcostal approach (2,24). Seeding of the needle track is 
exceptionally rare. It is seen in less than 0.01% of cases, with less than 10 cases documented in the 
literature (24,25,26,27,28,29). A coaxial guide or cannula acts as a barrier between the needle and 
surrounding tissue and thus is standard for this procedure. Most cases of seeding have not used a barrier 
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sheath, although a recent case of seeding did use coaxial placement (29). 


USAGE 


As there have been expanding indications to perform a renal core biopsy, pathologists may encounter these 
specimens more frequently. At our hospital, there was little change in the number of renal core biopsies from 
2008 to 2012, but there was a doubling of specimens seen in 2013 (Fig. 1.2). This increase reflected the shift in 
a paradigm from predominately surgically managing incidentally encountered solid renal masses to a more 
conservative approach, in which a tissue diagnosis is integrated into clinical decision making (7). Previously, 
renal biopsies were 

P.6 
infrequently used. Approximately a decade ago, one survey revealed that 25% of urologists did not use renal 
biopsies because they did not believe that the results would change patient management (30). However, several 
publications describe a change in management due to results from a renal biopsy in a substantial proportion of 
patients (30% to 61%) (7,31,32,33,34). It is possible that the use of percutaneous renal biopsies will become a 
more common part of management of a renal mass. 
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FIGURE 1.2 Frequency of performing renal core biopsies at The Ohio State University Medical Center. Usage 
has increased due to the emerging indications for renal biopsy. 


HISTOLOGIC FINDINGS AND WORKUP 


In our experience, the most frequent diagnosis encountered in renal core biopsies within routine clinical practice 
is clear cell RCC, followed by papillary RCC, nonneoplastic renal tissue, and oncocytoma (Fig. 1.3). Similar 
findings have been reported by other authors (7,18,19,32,33,34,35). Less rarely encountered are numerous 
other tumors such as chromophobe RCC, clear cell papillary RCC, angiomyolipoma, urothelial carcinoma, 
squamous cell carcinoma, lymphoma, metanephric adenoma, melanoma, and metastatic carcinoma. Occasionally 
the RCC cannot be subtyped. Similarly, a rare oncocytic tumor may be encountered which cannot be classified, 
and a diagnosis such as oncocytic renal neoplasm must be rendered. However, a definitive diagnosis including 
tumor subtype is able to be given in over 90% of cases in our experience and in the literature (18,24,35). 
Misinterpreting solid areas of papillary RCC for clear cell RCC is the most commonly described error 
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(24,35,36,37). 


Immunohistochemistry is frequently performed on renal core biopsies and is likely a contributor to the low 
diagnostic error rate. We perform immunostains on approximately half of our cases, similar to other authors (7). 
In an ex vivo analysis in which nephrectomy specimens 

PT 
were biopsied, the use of a limited immunohistochemical panel proved to increase the diagnostic accuracy of 
renal tumors (38). Our general approach is if the tumor is a well-sampled classic clear cell RCC, a diagnosis is 
given without the use of immunostains. In contrast, for most other tumor types and poorly sampled or unusually 
appearing cases of suspected clear cell RCC, immunostains are used. As immunohistochemistry is frequently 
performed, laboratories may consider incorporating cutting unstained slides at the same time the initial 
hematoxylin and eosin (H&E) slides are cut, in order to ensure that sufficient tissue is available for ancillary 
studies. 
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FIGURE 1.3 Diagnostic findings within renal core biopsies at The Ohio State University Medical Center from 
2011 to 2015. The most frequent diagnosis is clear cell RCC. NOS, not otherwise specified; RCC, renal cell 
carcinoma; SCC, squamous cell carcinoma. 


DIAGNOSTIC ACCURACY 


It is essential to understand the diagnostic limitations of renal core biopsies (Table 1.2). However, identifying the 
histologic accuracy, sensitivity, and specificity of renal biopsies is difficult due to heterogeneous methodology 
and terminology throughout the literature. For example, in some studies, fine needle aspiration results are 
intermixed with core needle biopsies, and in other investigations, cohorts are restricted by tumor size or tumor 
type and do not include all biopsies of renal masses. Additionally, earlier studies without the availability of 
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contemporary immunohistochemistry do not reflect current results. 


PS 


TABLE 1.2 Accuracy of Renal Core Biopsy 


Benign versus malignant (excluding sampling errors) 


Sensitivity 93%-100% 


Specificity 98%-100% 


Precise diagnosis (excluding sampling errors) 


Accuracy 94%-100% 


Renal cell carcinoma tumor grade 


Accuracy 46%-75% 


Eliminating cases that were nondiagnostic/normal renal parenchyma, regarding a correct diagnosis of benign 
versus malignant, there is a very high sensitivity, specificity, positive predictive value, and negative predictive 
value, with most articles describing no false negatives or false positives based on a pathology interpretation error 
(11,18,24,32,34,35,36,37,39,40,41). The majority of publications reporting cases obtained from the last 15 years 
reveal that diagnostic pathology errors in renal core biopsies, including incorrect tumor subtype as an error, are 
rare (096 to 6%) (7,11,18,35,36,37,40,41). However, regarding the renal biopsy procedure in its entirety, false 
negatives are relatively common, as the lesions are either not sampled or insufficient/nonviable tissue is 
obtained. Tissue sufficient for diagnosis is present in 78% to 97% of cases (7,18,32,35,36,37). Therefore, a 
negative biopsy cannot be used to rule out malignancy and a repeat biopsy may be required. 


GRADING ACCURACY 


Many hospitals, including ours, previously did not report RCC tumor grade as a part of a renal core biopsy report 
(34,36). However, due to the increased consideration for active surveillance, we now include a tumor grade for 
an RCC core biopsy. The grading accuracy between biopsy and resection is 43% to 75%, with undergrading 
more frequently described than overgrading (11,18,24,32,33,37,41,42,43). Tumor grade given in a biopsy report 
may underestimate the grade found in resection specimens, as grade is determined by the worst area 
encountered. In keeping with this notion, larger tumors are reported to have worse grade concordance between 
the biopsy and resection (42). Therefore, a biopsy with a low nuclear grade does not rule out the presence of 
areas with high-grade tumor. Overgrading is less commonly reported and may be due to interobserver variability 
or differences in histologic processing between the small tissue core and larger pieces of tumor from a resection 
specimen. 


P.9 
PATHOLOGY REPORT 


The first diagnostic line of the pathology report for a renal core biopsy should state the diagnosis, with caution 
regarding the over interpretation of suboptimal or minimally sampled lesions. There is no agreed upon definition 
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of an adequate biopsy, although as mentioned previously, interventional radiology literature states that two or 
more cores that are at least 1 cm should be obtained (6). However, numerous cores may be present with minimal 
tumor tissue per core (Fig. 1.4). Because of this issue, we provide the maximum length of tumor in our report as 
feedback regarding biopsy quality. Currently, inclusion of the tumor grade is not required although we 
recommend including this in the pathology report. Noting the grade if grade 3 or 4 tumor is present may be 
particularly useful. In the future, if active surveillance becomes a widely accepted practice, grading could be a 
required reporting element. A second-line diagnosis on the presence or absence of renal parenchyma may be 
used to highlight the definitive location of the biopsy. Biopsying the wrong organ (e.g., the liver, adrenal gland, or 
spleen) or mistakenly labeling the biopsy as kidney may rarely occur and cause diagnostic interpretation 
problems for the unsuspecting pathologist. At the same time, if no renal or other tissue is present to corroborate 
the source of the tissue, the word metastatic may not be appropriate and should not be used. 
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FIGURE 1.4 Although several cores are present, most of the renal biopsy does not contain tumor (tumor is 
circled in the photo inset). Sampled tumor is minimal and poorly preserved but does reveal atypical clear cells 


with prominent nucleoli. Immunostains confirmed the diagnosis of high-grade RCC, clear cell type. Feedback 
regarding length of tumor submitted may help promote adequate sampling. 
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NORMAL HISTOLOGY 


The outermost layer of the kidney is composed of the cortex, which is covered by a capsule except in the renal 
sinus (Fig. 1.5). The cortex contains glomeruli, proximal and distal convoluted tubules, and vessels. Proximal 
convoluted tubules form the majority of tubules seen in the cortex. Proximal convoluted tubules appear more 
eosinophilic due to abundant mitochondria, have more cytoplasm, and have fewer cells per tubule when 
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compared to distal tubules, although fixation can alter the appearance and yield a more similar appearance 
between the tubules (44). The glomerulus is a capillary tuft surrounded by basement membrane, podocytes, 
Bowman space, epithelium, and a second layer of basement membrane (Fig. 1.6). Pathologic processes may 
increase glomerular cellularity or the thickness of the basement membrane, although assessment of these 
features usually requires thin histologic sections (2 to 4 um) and special stains. Of note, detached, poorly 
preserved glomeruli may mimic the clear cells of RCC, clear cell type (Fig. 1.7). 

The medulla lies beneath the renal cortex and is composed of pyramids with linear striations. Extending from the 
renal medulla into the renal cortex are medullary rays. Proximal and distal straight tubules and collecting ducts 
are found in the medullary rays. The base of the medullary pyramid is at the cortical-medullary junction. The 
medulla contains loops of Henle and collecting ducts. The apex of the medullary pyramid is oriented into the 
minor calyces of the renal pelvis (Fig. 1.8). 
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FIGURE 1.5 The renal cortex is surrounded by a fibrous capsule and is predominated by proximal convoluted 
tubules, identified by abundant eosinophilic, granular cytoplasm. 
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FIGURE 1.6 Two glomeruli within the cortex are seen. The glomeruli are encircled by Bowman capsule. 


Minor calyces join together to form the major calyces which drain into the renal pelvis and then into the ureter. 
The renal pelvis is surrounded by the renal sinus which contains the vascular supply and adipose. Renal sinus 
adipose is continuous with the perinephric fat surrounding the kidney. 
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FIGURE 1.8 The tip of the medulla contains collecting ducts, seen in cross section. The medulla empties into the 
urothelial-lined minor calyx. Fine calcifications are present in some ducts. 
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2 


Histologic Pattern Approach for Differential Diagnosis of Renal 
Tumors 


Satish K. Tickoo 


As is also true for the resected specimens, the initial approach to arriving at the diagnosis of the tumor type 
requires consideration of both the architecture and cytologic features in renal needle core biopsies. One may 
start either with the architectural pattern recognition or with the cytologic features, but ultimately, a combination 
of both will be needed to arrive at the final diagnosis. At times, these features may not be sufficiently diagnostic, 
particularly for pathologists with limited experience in renal core biopsy interpretation. In such situations, use of a 
limited panel of immunohistochemical stains will help in arriving at the diagnosis in the overwhelming majority of 
cases (1,2). Because of the limited material that may sometimes make the architecture difficult to discern at first 
look, it may be easier to first focus on the cytologic features of the tumor in biopsy specimens. The following 
represents a practical approach of arriving at the final diagnosis on renal needle core biopsy specimens. 


TUMORS WITH CLEAR CELL CYTOLOGY 


There can be multiple diagnostic possibilities for renal tumors that show cells with clear cytoplasm (Fig. 2.1). To 
arrive at a particular diagnosis, first, the “clear” cytoplasm requires further qualification. For example, is the 
cytoplasm completely clear (optically transparent) or does it have fibrillary cytoplasmic strands, rarified granular 
cytoplasm, or somewhat vacuolated clear appearance (3)? Optically transparent cytoplasm is a typical feature in 
clear cell renal cell carcinoma (RCC), as well as clear cell papillary RCC, and may also be seen in translocation- 
associated RCC. On the other hand, “clear” cytoplasm in chromophobe RCC often shows fine fibrillary 
cytoplasmic strands, whereas "clear cell" areas in papillary RCC often show rarified granular cytoplasm 
frequently associated with intracytoplasmic, finely granular hemosiderin granules. Cells with 
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clear cytoplasm with a uniform, vacuolated or bubbly appearance may in fact represent ectopic adrenal cortical 
tissue or adrenal cortical tumors. Such cells closely resemble the cells seen in sebaceous glands. However, 
occasional clear cell RCCs may also contain cells with such bubbly appearance. Clear cells may also be present 
in rare cases of angiomyolipoma (AML), particularly the epithelioid variant. 
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FIGURE 2.1 Flow diagram representing the algorithm for biopsy diagnosis of common renal cell tumors with clear 
cytoplasm. EMA, epithelial membrane antigen; HMWCK, highmolecular-weight cytokeratin; RCC, renal cell 
carcinoma. 


In addition to the clear cell cytologic features, other crucial morphologic criterion for diagnosis, both in the 
resection and biopsy specimens, is the architectural pattern. Solid, variably sized nests separated by intricately 
dividing vascular septae that surround the cell nests are typical of clear cell RCC. Although often present in 
needle core biopsies, given the limitation of size, such vasculature may not be obvious in higher grade tumors 
with a large solid alveolar pattern, solid sheet-like architecture, or sarcomatoid 
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areas. However, even the focal presence of such architecture in a biopsy is sufficiently diagnostic of clear cell 
RCC. Nested or solid alveolar pattern may also be seen in translocation-associated RCC or even rare cases of 
epithelioid AML. If such differential diagnostic possibilities arise on the biopsy material, immunohistochemical 
confirmation of the diagnosis will be required. 


Tubular, tubulopapillary, or papillary architecture with clear cell cytology raises the differential diagnostic 
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possibilities of clear cell papillary RCC; papillary RCC; translocation-associated RCC; or RCC, unclassified. 
Clear cell papillary RCC has optically transparent cytoplasm with lowgrade nuclei that are arranged in a linear 
fashion away from bases of the cells in the mid or apical cytoplasm. Instead of showing optically transparent 
cytoplasm, type 1 papillary RCC with areas of “clear” cytoplasm will usually show rarified granular cytoplasm in 
these “clear” cell areas, as discussed earlier. Rare, fine hemosiderin granules may also be observed at high- 
power evaluation. The clear cells in translocation-associated RCC are often admixed with cells showing 
eosinophilic cytoplasm. Many cells often appear voluminous or ballooned out. Immunohistochemical stains or 
FISH testing for TFE3 or TFEB will be required to confirm this diagnosis (4). Occasional tumors with a variable 
proportion of clear cells and papillary architecture may raise the possibility of translocation-associated RCC. 
However, some of these do not show immunoreactivity for TFE3 or TFEB. Such tumors are best regarded as 
RCC, unclassified. Chromophobe RCC with prominent “clear” cells typically shows sheets of cells separated by 
incomplete septations. Presence of cells with wrinkled nuclei, perinuclear halos, and prominent cell membranes 
often helps in this diagnosis. 


TUMORS WITH GRANULAR/EOSINOPHILIC CELL CYTOLOGY 


Anumber of renal cell tumors may be composed of cells with eosinophilic/granular cytoplasm (Fig. 2.2). The 
more common examples of such tumors include renal oncocytoma, eosinophilic variant of chromophobe RCC, 
lowgrade oncocytic unclassified RCC, eosinophilic clear cell RCC, and type 2 papillary RCC. Less frequently, 
eosinophilic cytoplasm may be observed in other tumors like collecting duct carcinoma, oncocytoma-like AML, 
adrenal cortical tumors, succinate dehydrogenase B (SDHB)-associated RCC, and high-grade unclassified RCC. 
Oncocytoma shows uniform round nuclei but may contain foci showing markedly pleomorphic nuclei with various 
degrees of smudged chromatin. Eosinophilic variants of chromophobe RCC will show at least some cells with 
perinuclear halos; without such halos, a diagnosis of chromophobe RCC cannot be rendered. Even when the 
nuclei appear round and uniform at low magnification, evaluation at higher magnification almost always reveals 
some cells with nuclear membrane irregularities. In the presence of even focal areas with the typical cytologic 
features (irregular nuclei with perinuclear halos), the diagnosis of eosinophilic variant of chromophobe RCC can 
be safely rendered. As recommended 
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by the International Society of Urologic Pathology (ISUP) following the kidney consensus meeting in Vancouver 
in 2012 (5), presence of even focal chromophobe-like areas in an eosinophilic tumor are considered sufficient for 
such a diagnosis. After exclusion of such tumors, there are only a small proportion of biopsies in which the 
differential diagnostic considerations still remain as renal oncocytoma, eosinophilic chromophobe RCC, or low- 
grade oncocytic unclassified RCC. The clinical implications of the rendered designation in such cases are not 
very significant. In these, the diagnosis of “low-grade oncocytic renal cortical neoplasm” with statements like 
“favor oncocytoma,” “favor chromophobe,” “favor low-grade oncocytic RCC, unclassified,” or “cannot exclude 
...” are appropriate. In such scenarios, the clinicians will often consider nonsurgical interventions or surveillance 
in these tumors of—at the worst—low malignant potential 
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while taking into consideration the age of the patient and comorbidities. Therefore, instead of rendering a 
categorical diagnosis, using the word favor before the diagnostic categories renal oncocytoma, chromophobe 
RCC, or unclassified RCC may be a rational approach. The experience with SDHB-associated RCC even on 
resected specimens is quite limited, and reports of such tumors on biopsy material are nonexistent. However, the 
presence of high-grade nuclei in an eosinophilic tumor with clear or eosinophilic large cytoplasmic inclusions 
should raise such a possibility. Family and clinical histories and negative immunohistochemical staining for 
SDHB—f available—will help in suggesting the diagnosis. 
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FIGURE 2.2 Flow diagram representing the algorithm for biopsy diagnosis of renal cell tumors with eosinophilic 
cytoplasm. HLRCC, hereditary leiomyomatosis and renal cell carcinoma; RBC, red blood cell; RCC, renal cell 
carcinoma; SDHB, succinate dehydrogenase B. 


Architectural patterns are also very important in the differential diagnosis of tumors with eosinophilic cytoplasm. 
The presence of intricate branching vascularity surrounding variably sized cell nests is a hallmark of clear cell 
RCC, and this vascular pattern is retained in most of these tumors, even when high grade. As discussed earlier, 
such vascularity may not be easily identifiable if the biopsy samples only the areas with solid, sheet-like, or 
sarcomatoid regions of the tumor. Immunohistochemical stains such as carbonic anhydrase IX (CA-IX) may be 
useful in these situations (6,7). Tumors showing prominent papillary architecture with cytoplasmic eosinophilia in 
the biopsies can represent type 2 papillary RCC, oncocytic variant of type 1 papillary RCC, collecting duct 
carcinoma, hereditary leiomyomatosis-associated RCC (HLRCC), or high-grade unclassified RCC. Oncocytic 
papillary (type 1) RCC can usually be differentiated even on limited material because of their nuclear uniformity, 
presence of nuclei away from basement membrane toward the lumen, and immunohistochemical diffuse positivity 
for CK7 and AMACR. Differentiation of the other tumor types may be more difficult. A multinodular growth pattern 
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with prominent stromal desmoplasia favors the diagnosis of collecting duct carcinoma, renal medullary 
carcinoma, or HLRCC. In the presence of numerous schistocytes in the blood vessels within the tumor or in the 
benign parenchyma, use of immunohistochemical stain BAF47 (INI1) (7) and acquiring clinical history of blood 
dyscrasias or family history are imperative, as this morphologic feature is highly suggestive of renal medullary 
carcinoma. Large nucleoli with perinucleolar halos are highly suggestive of HLRCC. In spite of these morphologic 
features, such diagnoses should only be “suggested” on core biopsies until more experience is gained. Other 
biopsies with nondescript cytomorphologic features should result in the final diagnosis stating that these are 
high-grade tumors with prominent papillary architecture. Unless contraindicated by the clinical scenarios, such 
diagnoses will prompt the clinicians to decide in favor of excision to confirm or exclude the suggested diagnoses. 


ARCHITECTURAL PATTERN APPROACH TO TUMORS 


Instead of beginning with cytologic features, one could approach the differential diagnostic possibilities by 
starting with a focus on the 
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architectural patterns. Even that approach requires careful consideration of the cytologic features. Thus, with 
nested or large alveolar architecture, one has to consider the possibilities of clear cell RCC, 
translocationassociated RCC, renal oncocytoma, chromophobe RCC, epithelioid AML, collecting duct carcinoma 
(CDC), HLRCC, etc. Similarly, papillary architecture should raise the differential diagnostic possibilities of 
papillary RCC, clear cell papillary RCC, CDC, renal medullary carcinoma, translocation-associated RCC, 
HLRCC, clear cell RCC with focal papillary architecture, unclassified RCC, mucinous tubular and spindle cell 
carcinoma (MTSCC), etc. (8). Presence of spindle cell features in a biopsy raises the possibilities of different 
subtypes of RCC with sarcomatoid features, MTSCC, or rarely type 1 papillary RCC with low-grade spindle cell 
areas. Although the spindle cells usually show high-grade nuclear features in sarcomatoid RCC, MTSCC and 
papillary RCC with spindle cell areas usually exhibit low-grade nuclei (9). Presence of elongated and branching 
tubules, myxoid stroma, and nuclear features in the spindle cells similar to those in cells lining the tubules is 
highly suggestive of MTSCC. Papillary RCC will often show the presence of foamy macrophages. Unlike 
MTSCC, papillary RCC with low-grade spindle cell areas contain tubules with an irregular luminal contour; in 
MTSCC, the luminal surfaces are mostly smooth. Diffuse membranous positivity for CA-IX in the spindle cell 
areas is highly suggestive of clear cell RCC with sarcomatoid features, unless the biopsy exhibits extensive 
necrosis with scant viable tumor, only perinecrotic in location (10). Evaluation of other features, including 
cytology and architecture in nonspindled areas, will often help in narrowing down the differential diagnostic 
possibilities. 
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3 
Renal Cell Carcinoma: Common Types 


Satish K. Tickoo 


Besides the traditional radical nephrectomy, multiple management options for renal tumors have emerged in the 
recent years. With the options of cryo- or radio-frequency ablation, active surveillance, and therapies based on 
specific tumor type in metastatic settings, among others, needle core biopsies for renal tumors are becoming 
increasingly popular (1,2,3,4,5). Although the diagnostic accuracy of renal core biopsy was traditionally regarded 
as unsatisfactory, it has shown marked improvement in the more recent years, with the reported accuracy for 
tumor subtype in the range of 80% to greater than 95% (6,7,8,9,10,11,12,13,14,15,16,17,18,19,20). This likely is 
a result of the pathologists' increased familiarity with renal needle core biopsies as well as the availability of more 
reliable ancillary methods, particularly immunohistochemistry, for the differentiation of renal cell tumors (20). 


CLEAR CELL RENAL CELL CARCINOMA 


Clear cell renal cell carcinoma, the most common subtype of renal cell carcinoma (RCC), constitutes 
approximately 55% to 70% of all diagnosed renal cell tumors according to the more recent published literature 
(21,22,23,24,25). This proportion in the contemporary literature has shown a downward trend from the much 
higher percentage described in the past. One of the likely reasons for the decrease in relative incidence has 
been the recent evolution in the classification of renal tumors with clear cell cytology. Anumber of tumors 
diagnosed as clear cell RCC in the past are now recognized as entities quite distinct from it (Table 3.1). Most 
studies published before the 1990s are particularly blemished, as a number of tumors then were classified as 
“granular cell" and “sarcomatoid” carcinomas, entities that are now regarded nonexistent. These entities are now 
known to represent morphologic variants within several tumor types. Thus, granular cell tumors of that era 
include clear cell RCC, chromophobe RCC, or even renal oncocytoma, among others. Similarly, sarcomatoid 
differentiation can be seen in clear cell, chromophobe, papillary, unclassified RCC, and collecting duct 
carcinoma. Additionally, a number of RCC subtypes (Table 3.2) have been extracted from 
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the category of clear cell RCC in more recent years and are reclassified now as clear cell papillary RCC 
(26,27 ,28,29,30), translocation-associated RCC (31 ,32,33,34,35,36,37,38), multilocular cystic RCC/neoplasm of 
low malignant potential (25,39,40,41,42,43), and unclassified RCC, among others. Recognition of these specific 
clinicopathologic entities with differing biologic behaviors makes it imperative that on interpretation of needle core 
biopsies, such tumors are not misclassified as clear cell RCC (Table 3.2). 


TABLE 3.1 Diagnostic Features of the Three Most Common Subtypes of Renal Cell 
Carcinoma on Needle Core Biopsies 


Clear cell renal cell carcinoma 


e Intricate, branching vascular septae enclosing cell nests, acini, and solid alveoli 

e Clear cytoplasm, often optically transparent; eosinophilic cytoplasm in varying proportions—focal 
to exclusive 

e Immunohistochemical positivity for pan-keratins, epithelial membrane antigen (EMA), and CD10 
and carbonic anhydrase IX (CA-IX)—diffuse, box-like membranous pattern 


www.ketabpezeshki.com 6648545 7-66963820 


Papillary renal cell carcinoma 


Papillary, tubulopapillary, or glomeruloid or compressed—papillations architecture 

e Not extensively infiltrative growth pattern or prominent desmoplasia 

Amphophilic and/or clear cell cytology with granular, flocculent cytoplasm (type 1), eosinophilic 
cytoplasm with nuclear pseudostratification (type 2), or eosinophilic cytoplasm with low-grade, 
nonstratified nuclei arranged away from basement membrane (oncocytic) 

e CK7 and AMACR positivity in type 1 (including oncocytic type) 


Chromophobe renal cell carcinoma 


e Classical chromophobe RCC 
o Incomplete vascular septations 
o Clear cells with fibrillary cytoplasm; resinoid nuclear features with perinuclear halos (may be 
less prominent in biopsies compared to what is usual in resection specimens) 
o CA-IX, negative; CK7, positive; CD117, positive 
e Eosinophilic chromophobe RCC 
o Incomplete vascular septations with sheet-like architecture, or nests, tubules 
o Mostly round nuclei with at least some nuclei showing nuclear membrane irregularity with 
perinuclear halos (may be less prominent in biopsies compared to what is usual in resection 
specimens) 
o CA-IX, negative; CK7 mostly focal, rarely diffuse; CD117, positive 


CK7, cytokeratin 7; AMACR, racemase; RCC, renal cell carcinoma. 
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TABLE 3.2 Common Differential Diagnostic Considerations for the Three Most Common 
Subtypes of Renal Cell Carcinoma on Needle Core Biopsies 


Clear cell RCC 


e Classical chromophobe RCC 


Papillary RCC with clear cytoplasm 

e Clear cell papillary RCC 

Epithelioid angiomyolipoma with prominent clear cells 
e Translocation-associated RCC 

e Adrenocortical tumors 


Papillary RCC 


e Collecting duct carcinoma 
e Clear cell RCC with pseudopapillations or true papillations 
e Clear cell papillary RCC 
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e Translocation-associated RCC 

e Acquired cystic disease-associated RCC 

e Metanephric adenoma 

e Mucinous tubular and spindle cell carcinoma 


Chromophobe RCC 


e Classic variant 


e Clear cell RCC 


e Eosinophilic variant 


e Renal oncocytoma 
e Low-grade oncocytic RCC, unclassified/low-grade oncocytic neoplasms with overlapping 
features 


RCC, renal cell carcinoma. 


Microscopic Features 
The most characteristic feature of clear cell RCC in both resection and biopsy specimens is the presence of 
delicate, intricately branching, richly vascular fibrous septae (Fig. 3.1A-D) that surround solid acini, alveoli, 
tubules, cysts, or papillary/pseudopapillary structures. Many tumors show a combination of these growth patterns 
in variable proportions (Fig. 3.2A-F, eFigs. 3.1 and 3.2). The rich capillary vascular network is retained in almost 
all but some high-grade, sheet-like, and sarcomatoid areas. Thus, this diagnostic hallmark of the characteristic 
vascularity should be the initial focus of attention in the diagnosis of clear cell RCC, and more so in needle core 
biopsies. In general, architectural pattern is loosely associated with grade (discussed later) because most low- 
grade lesions have 
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an acinar growth, whereas higher grade areas are more likely to exhibit solid, pseudopapillary, or sarcomatoid 
features (Fig. 3.2E,F). Tumors exhibiting a pseudopapillary growth pattern, which must not be confused with the 
true papillary growth pattern typically seen in papillary RCCs, are characterized by pseudopapillae lacking true 
fibrovascular cores. In our experience, pseudopapillations are particularly more common in core biopsies, 
especially at their edges, as these are the areas most prone to 
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lose the direct support and compression provided by the walls of biopsy needle on delivery from the needle. 
Such pseudopapillations occur more often in high-grade tumors, as they are less likely to have closely arranged 
fibrovascular septations and, therefore, abundant internal architectural support (Fig. 3.3). Occasionally, the 
biopsy may yield what at initial evaluation appears as fibrous tissue only. This often represents the biopsy 
needle 

P.30 


www.ketabpezeshki.com 66485457-66963820 


hitting a scar within the tumor. However, single or small clusters of cells— resembling small lymphocytes with 
scant clear cytoplasm—may often be noted dispersed within the fibrosis (Fig. 3.4A,B). These very frequently 
represent rare tumor cells that are still viable within scar tissue and must be investigated further, particularly with 
the help of immunohistochemical stains. The results on immunohistochemical staining in such material are 
frequently surprising as well as gratifying (Fig. 3.4C). Many of the tubules and acini show intraluminal 
hemorrhage—a characteristic but not specific finding in clear cell RCC (Fig. 3.5). This feature is common even at 
metastatic sites and should lead to the workup for a possible renal primary. Areas of necrosis, sometimes 
extensive (Fig. 3.6A), and hemorrhage are some other not uncommon histologic findings seen in core biopsies. 
Some tumors contain an inflammatory infiltrate, often predominantly lymphocytic in nature (Fig. 3.6B). 
Calcifications and osseous metaplasia, as well as intracytoplasmic hyaline globules or Paneth-like coarse 
granules (eFigs. 3.3 and 3.4) may also be seen in occasional biopsies. 


FIGURE 3.1 A: The most characteristic and diagnostically essential feature of clear cell RCC: intricate, 
arborizing vascular septations enclosing nests of cells. B: Arborizing vasculature in clear cell RCC, highlighted 
by CD31 immunohistochemical stain. C: Retained characteristic vasculature pattern in a high-grade clear cell 
RCC. D: The typical intricate vasculature maintained in a tumor with large solid alveolar growth pattern. 
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FIGURE 3.1 A: (Continued) 
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FIGURE 3.2 A: Optically transparent cytoplasm in a low-grade clear cell RCC. B: Optically transparent 
cytoplasm in a higher grade clear cell RCC, with partially solid architecture. C: Eosinophilic cells in clear cell 
RCC with high nuclear grade. D: Higher nuclear grade in eosinophilic cells compared to that in adjacent clear 
cells in a clear cell RCC—a typical occurrence. E: Higher nuclear grade in chondroid-appearing area compared 
to that in adjacent clear cells in a clear cell RCC. F: Higher nuclear grade in a sarcomatoid area with lower grade 
nuclei in better differentiated clear cell area. 
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FIGURE 3.2 A: (Continued) 
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FIGURE 3.2 A: (Continued) 
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FIGURE 3.3 Pseudopapillations in an area of higher nuclear grade in a needle core biopsy from a clear cell 
RCC. 


Besides the pure clear cell cytology in many tumors, the majority of clear cell RCCs show a mixture of 
cytoplasmic features in various proportions, that is, combination of cells with clear and granular eosinophilic 
cytoplasm (Fig. 3.7A). The cytoplasmic features often correlate with tumor grade; low-grade (grade 1 or 2) 
lesions almost always contain clear cytoplasm, whereas the cytoplasm of higher grade lesions is more likely to 
be variably eosinophilic and granular (Fig. 3.7B). Some grades 3 and 
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4 lesions may altogether lack clear cytoplasm (Fig. 3.7C). Grade 4 lesions contain bizarre, pleomorphic and/or 
multilobulated, and multiple nuclei (Fig. 3.7D); cells with rhabdoid features (Fig. 3.7E); or spindle cells 
(sarcomatoid areas) (Fig. 3.7F). 
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FIGURE 3.4 A: Asurgical resection specimen of clear RCC showing large scar with the arrow pointing toward a 
potential path that a biopsy needle may take. B: Needle core biopsy through the center of such a scar showing 
mostly an inflammatory, vascular area. Arrows pointing out few residual tumor cells that may mimic clustered 
lymphocytes. C: Immunohistochemical stain for cytokeratin highlighting multiple intermingled tumor cells in the 
biopsy. 
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FIGURE 3.4 A: (Continued) 
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FIGURE 3.5 Pools of blood filling the acinar lumina, a characteristic, though not specific, feature of clear cell 
RCC. 
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FIGURE 3.6 A: Almost completely necrotic needle core, adjacent to another viable core of clear cell RCC. B: 
Extensive intratumoral infiltration by lymphocytes in clear cell RCC on a needle core biopsy. 


As a biopsy represents only a minute proportion of the tumor, and because the tumors often show morphologic 
heterogeneity, nuclear 
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grade in biopsy often does not correlate with the final grade on resection specimen (7,44,45). Therefore, if the 
nuclear grade is provided, it should be qualified by a statement similar to *... in this limited material.” As is 
intuitive however, high nuclear grade in the biopsy tends to correlate with high grade on resection specimen as 
well (7,45). 
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FIGURE 3.7 A: Clear cell RCC with a combination of clear cell and granular eosinophilic cell features. B: 
Granular eosinophilic areas with high-grade nuclei compared to clear cell areas with lower grade nuclei. C: 
Fuhrman/nucleolar grade 3 nuclei in an exclusively eosinophilic clear cell RCC. D: Grade 4 nuclei in an 
exclusively eosinophilic tumor. E: Rhabdoid areas with grade 4 nuclei. F: Presence of sarcomatoid areas in a 
tumor is always considered representing nuclear grade 4. 
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(Continued) 


FIGURE 3.7 A 
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Ancillary Studies 


Among the immunohistochemical stains that are reported to be most useful in the differential diagnosis of clear 
cell RCC from other renal primary tumors on needle core biopsies, carbonic anhydrase IX (CA-IX) shows diffuse 
and strong membranous reactivity within more than 90% tumors (eFig. 3.5), including in its sarcomatoid 
components in a significant proportion of cases (20,46,47,48,49). CD10 is also often positive (membranous), but 
cytokeratin 7 (CK7), CD117, and racemase (AMACR) are generally negative. 


However in our experience, AMACR tends to label some clear cell RCCs more than focally in needle core 
biopsies. Immunohistochemistry and molecular studies in renal and adrenal tumors are described in greater 
details in Chapter 13. 


Differential Diagnosis 
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Although adequate sampling can minimize errors in the classification of clear cell RCC in resection 
specimens, such options are not available in renal biopsies. However, the presence of even focal classic 
histologic features in a background of nonclassical histologies is sufficient for the diagnosis of clear cell 
RCC (50). 

Classical chromophobe RCC may be confused with clear cell RCC, particularly on limited biopsy material. 
Classical chromophobes do not show the diagnostic vasculature of clear cell RCC; on the contrary, 
septations in it are typically incomplete and end abruptly. They also have characteristic nuclear and 
cytoplasmic features that are rarely, and at the most focally, observed in clear cell RCCs. Unlike the clear 
cells that are optically transparent in most clear cell RCCs (Fig. 3.8A), the “clear cells” in chromophobe 
RCC show fine cytoplasmic fibrillations (Fig. 3.8B, eFig. 3.6). Diffuse cytoplasmic positivity for Hale colloidal 
iron is a hallmark of chromophobe RCC, although this stain may be reproducibly difficult to perform. CA-IX 
(Fig. 3.9), CK7, and CD117 immunohistochemical stains may be of immense use in such situations; 
chromophobe RCC usually shows diffuse, membrane-accentuated positivity for CD117 and is also often 
positive for CK7. CA-IX is negative in chromophobes. Electron microscopy is most reliable in resolving the 
differential diagnosis but may not be practical in biopsies. 


In most cases of clear cell RCC with papillary growth, this growth pattern occurs as a result of cell drop-off 
in which the tumor cells situated away from the blood supply die, and those close to the vessels are 
preserved, thus exhibiting a pseudopapillary growth pattern (Fig. 3.10A). In other cases, the papillae may be 
a result of infolding/branching of tubular areas in the tumor (Fig. 3.10B). Pseudopapillary architecture may 
also be present at the edges of the biopsy material, as discussed previously (Fig. 3.3A). Histiocytes are 
usually not present within the fibrovascular “stalk” in these pseudopapillary areas. Intracellular hemosiderin 
deposition, common in papillary RCC, is absent as 

P.38 
well. Only rarely does clear cell RCC show focal presence of true papillary structures, but the usual typical 
acinar architecture is maintained in most of the tumor. CA-IX, CK7, and AMACR immunohistochemical stains 
will help in the distinction of clear cell RCC from papillary RCC in most cases. Unlike clear cell RCC, 
papillary RCC at the most shows 

P.39 
only patchy positivity for CA-IX, often limited to the tips of papillae or around areas of necrosis, whereas 
CK7 and AMACR are usually diffusely positive (20,47). 
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FIGURE 3.8 A: Optically transparent cytoplasm in clear cell RCC. B: Fibrillary cytoplasm in the clear cells 
of a chromophobe RCC (arrows). 
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FIGURE 3.9 Diffuse membranous, box-like immunohistochemical positivity for CA-IX in clear cell RCC. Any 
deviations from this pattern of staining are not diagnostic for clear cell RCC. 


Clear cell papillary RCC shows characteristic linear arrangement of the nuclei, away from the basement 
membrane (Fig. 3.11). Architecture may be papillary or tubular, with the elongated tubules frequently 
showing branching that in profile appear like papillations. Unlike clear cell RCC, clear cell papillary RCC is 
diffusely positive for CK7 and often positive for high-molecular-weight cytokeratin (348E12/K903) 
(26,27,28,29,30). CD10 is usually negative. CA-IX diffusely labels the tumor like clear cell RCC, but unlike 
that entity, most often the luminal aspect of the cells lacks any staining (cup-shaped positivity) in clear cell 
papillary RCC (28,51). 

Epithelioid angiomyolipomas (AMLs) can be misclassified as clear cell RCC; the problem is compounded 
by the lack of fat and abnormal vessels, as seen in classic AMLs, in some epithelioid AMLs. Close attention 
to morphologic features (Fig. 3.12A,B) and immunohistochemistry can help establish the correct diagnosis 
(52). Contrary to that in epithelioid AML, clear cell RCC is usually immunoreactive with cytokeratin CAM 5.2, 
CA-IX, as well as epithelial membrane antigen (EMA). On the other hand, the latter stains for HMB-45 and 
smooth muscle actin. 


Some clear cell RCCs are so poorly differentiated that metastatic tumors may enter into the differential 
diagnosis. Knowledge of the patient's medical history will help in this differential. 


www.ketabpezeshki.com 66485457-66963820 


FIGURE 3.10 A: Cell drop-off (arrows) in areas away from vasculature leading to pseudopapillary 
architecture in clear cell RCC. B: Infoldings and branching of tubular areas in clear cell RCC leading to the 
appearance of papillations. 


Adrenocortical tumors, particularly in cases of upper pole neoplasms, may be confused with clear cell RCC. 
Adrenocortical tumors with clear cell features usually have bubbly—instead of optically clear—cytoplasm 
(Fig. 3.13A). However, rare clear cell RCCs may also show bubbly cytoplasm (Fig. 3.13B), not different from 
adrenocortical tumors. Careful attention to the vasculature is essential in such cases. However, 
immunohistochemical confirmation for either diagnosis will be needed in 
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many of such cases. Adrenal cortical tumors are not immunoreactive with EMA and rarely (if ever) stain with 
cytokeratins; they express inhibin and A103 (MART-1) that are negative in clear cell RCCs. 
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FIGURE 3.11 Clear cell papillary RCC on a needle core biopsy with the characteristic linear arrangement of 
nuclei away from the basement membrane. 
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FIGURE 3.12 A: Epithelioid angiomyolipoma with clear cell cytology mimicking clear cell RCC. Notice that 
many vascular septae are only incompletely encompassing the cell clusters, unlike that in clear cell RCC. 
B: Epithelioid angiomyolipoma with predominantly eosinophilic cell cytology that may also lead to 
misinterpretation as clear cell RCC, particularly on needle biopsy. 
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FIGURE 3.12 A: (Continued) 
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FIGURE 3.13 A: Adrenal cortical neoplasm. The “clear” cytoplasm of adrenal cortical lesions usually shows 
a bubbly appearance. B: Clear cell RCC with bubbly appearance of the cytoplasm is unusual; such a 
cytoplasmic appearance always needs exclusion of an adrenal lesion, particularly in ectopic sites. 
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FIGURE 3.13 A: (Continued) 


PAPILLARY RENAL CELL CARCINOMA 


Papillary RCC is the second most common renal neoplasm, constituting 10% to 15% of all renal cortical tumors. 
Although papillary architecture is the characteristic feature of papillary RCC, all tumors showing papillary 
architecture, particularly on the limited material as in needle core biopsies, are in fact not papillary RCC. There 
are a number of recently recognized entities that show variable proportion of papillary architecture that have 
been regarded as papillary RCC in the past. It is important that one strictly adheres to the diagnostic criteria for 
papillary RCC, not only to maintain the purity of papillary RCC as a specific entity but also because other tumors 
with prominent papillary architecture often have clinicopathologic features distinct from papillary RCC. Some of 
these mimics of papillary RCC show a more indolent clinical behavior compared to papillary RCC (e.g., clear cell 
papillary RCC, acquired cystic disease-associated RCC) (25,26,27,28,50,51,53,54,55,56), whereas some others 
behave more aggressively than papillary RCC (e.g., hereditary leiomyomatosis and renal cell carcinoma 
[HLRCC]-associated renal cancers, collecting duct carcinoma, and MiTF/TFE translocation-associated 
carcinomas) (28,57,58), underscoring the need for proper separation of these tumors. 


P44 


Microscopic Features 

Most papillary RCCs are grossly well-circumscribed and are often surrounded by a thick fibrous capsule. This 
encapsulation may also be observed at the tumor-renal interface in some biopsies (Fig. 3.14). Even when the 
capsule is incomplete, and may not be visualized in the biopsy, most tumors have a smooth tumor-renal 
interface. Extensive infiltrative and irregular tumor edges or prominent desmoplasia at these edges should lead 
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to a careful evaluation of the papillary lesion, and serious consideration of alternative differential diagnostic 
possibilities is mandatory. The tumor capsule, when seen in the biopsy, is often lined by a single layer of 
epithelium that is morphologically similar to that lining the papillae (Fig. 3.14). 


As is seen in the resection specimens, a variety of architectural patterns may be present—often in various 
combinations—in a needle core biopsy. Such varied architectural patterns include papillary (Fig. 3.15A,B), 
tubular (Fig. 3.164), solid (Fig. 3.16B), and solid-glomeruloid (Fig. 3.16C, eFigs. 3.7 and 3.8) 
(59,60,61,62,63,64). At the same time, in some cases, the papillae may be packed closely, masking the true 
papillary growth pattern (Fig. 3.17). Although papillary architecture is seen in most tumors in variable proportions, 
some tumors may show predominant or even exclusive other architectural patterns (59,60,61,64). The 
glomeruloid pattern is composed of tubular structures with intraluminal tufting of tumor cells. Cells lining the 
tubules are cuboidal with scant to moderate amphophilic cytoplasm, whereas the cells 


tufting into lumen often show abundant eosinophilic cytoplasm and usually higher grade nuclei (Fig. 3.16C). 
Rarely, sarcomatoid differentiation may be seen (Fig. 3.18); even more uncommon is the presence of 
heterologous elements such as malignant osteoid. Sarcomatoid differentiation is a sign of aggressive disease, as 
is true in other types of renal tumors. 


FIGURE 3.14 Papillary RCC with the typical encapsulation. 


www.ketabpezeshki.com 66485457-66963820 


FIGURE 3.15 A: Prominent to exclusive papillary architecture is the norm in papillary RCC. B: Papillary 
architecture with prominent foamy macrophages in the papillary cores in a type 1 papillary RCC. 
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FIGURE 3.16 A: Some papillary RCCs show prominent to exclusive tubular architecture. B: Solid architecture in 
papillary RCC. C: Solid-glomeruloid architecture in papillary RCC. 
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FIGURE 3.16 A: (Continued) 
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FIGURE 3.18 Sarcomatoid differentiation in papillary RCC. 


The papillary cores often contain variable number of foamy macrophages (Fig. 3.15B) (59,60,61,62,63,64). 
Sometimes, particularly in core biopsies, only sheets of foamy macrophages might be visible at first glance, 
masking the scant epithelial component present in the material (Fig. 3.19). Psammoma bodies, hemosiderin- 
laden macrophages, and hemosiderin deposition within tumor cells are also often seen. Some biopsies may 
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reveal no macrophages in the tumor, particularly so in tumors with eosinophilic cytoplasm. Some tumors may 
show marked hyalinization or edema of the cores (Fig. 3.204). In some cases, the papillae contain no distinct 


cores and may have micropapillary features (Fig. 3.20B). Occasionally, the biopsy may be predominantly 


composed of necrotic material with rare viable papillae or tubules (Fig. 3.20C). 


Cytologic details are also quite variable. The cytoplasm may be scant to moderate and amphophilic (Fig. 3.21) 


or abundant and eosinophilic (Fig. 3.21B) (61,62,63). The cells in some tumors with eosinophilic cytoplasm 


resemble those seen in renal oncocytoma, often with nuclei aligned toward the luminal aspect; such tumors have 


been called oncocytic papillary RCC (Fig. 3.21C) (25,65). Occasional papillary RCCs contain variable, or 
sometimes prominent, clear cell areas. Unlike the optically transparent cells in clear cell RCC, these clear- 
appearing cells often show granular, flocculent cytoplasm and may show finely granular hemosiderin in the 


cytoplasm (Fig. 3.21D). 


World Health Organization (WHO) divides papillary RCC into type 1 composed of smaller cells with scant to 


moderate amphophilic cytoplasm (Fig. 3.21A) and type 2 with larger tumor cells, eosinophilic cytoplasm, 
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nuclear pseudostratification, and often higher nuclear grade (Fig. 3.21B) (62,66). However, some tumors show a 
combination of type 1 and type 2 features. WHO system does not address the issue of classification of such 
papillary RCCs with mixed morphologies. 


FIGURE 3.19 Needle core biopsy from papillary RCC consisting predominantly of sheets of foamy macrophages 
with scant epithelial elements. 
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FIGURE 3.20 A: Papillary cores filled with edematous fluid. B: Micropapillary features in a papillary RCC. C: 
Predominantly necrotic core with limited viable tissue. 
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FIGURE 3.20 A: (Continued) 


66485457-66963820 


www.ketabpezeshki.com 


FIGURE 3.21 A: Type 1 papillary RCC with cells showing scant to moderate amphophilic cytoplasm. B: Type 2 
papillary RCC with cells showing abundant eosinophilic cytoplasm and high-grade nuclei with nuclear 
pseudostratification. C: Oncocytic papillary RCC with eosinophilic cytoplasm and single layer of uniform nuclei, 
with nuclei aligned toward the luminal aspect. D: Papillary RCC with clear cell area; such clear-appearing cells 
often show granular, flocculent cytoplasm, and finely granular hemosiderin. 
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FIGURE 3.21 A: (Continued) 


Ancillary Studies 

By immunohistochemistry, most papillary RCCs show diffuse positivity for CK7 (Fig. 3.22); positivity is more often 
seen in type 1 than type 2 tumors. AMACR shows diffuse cytoplasmic granular staining (eFig. 3.9). CD10 is often 
positive, mostly with luminal membranous staining, although focal diffuse membranous positivity may also be 
present. CA-IX is either negative or at the most focally positive, and such positivity is usually limited to papillary 
tips or perinecrotic areas (20,59,60). 


Cytogenetic and molecular studies, although often quite distinct and useful in distinguishing papillary RCC from 
other renal epithelial tumors (66,67,68), have not been reported on core biopsies. However, use of at least 
fluorescent in situ hybridization (FISH) technique on core biopsies is potentially quite possible. The majority of 
sporadic papillary RCC show trisomies/polysomies of chromosomes 7 and 17 as well as loss of chromosome Y. 
Gains involving chromosomes 7 and 17 are also more often reported in type 1 than type 2 papillary RCC (68,69). 
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Differential Diagnosis 
Because of the presence of variable to occasionally predominant papillary architecture, collecting duct 
carcinoma (CDC) may be mistaken 

P.54 
for a type 2 papillary RCC (Fig. 3.23), particularly on limited material as seen in needle core biopsies. 
Histologically, CDC is primarily a highgrade adenocarcinoma with a multinodular growth pattern, markedly 
desmoplastic stroma, and intratumoral inflammatory infiltrate. Multiple architectural patterns, including 
tubular, tubulopapillary, solid, or irregular glandular, usually coexist within the same tumor (58). Presence of 
prominent papillary architecture but prominent desmoplasia, particularly when associated with solid, 
cribriform, or cystic areas, most likely represent CDCs with distal nephron differentiation rather than 
papillary RCC. Therefore, rendering the diagnosis of type 2 papillary RCC in presence of such features on 
a needle core biopsy merits a lot of caution. 
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FIGURE 3.22 Diffuse CK7 positivity in a type 1 papillary RCC. Type 2 tumors usually show only focal 
positivity or may even be negative for CK7. 


Papillary RCC may also be confused with clear cell RCC exhibiting a papillary or pseudopapillary growth 
(see Differential Diagnosis section on Clear Cell Renal Cell Carcinoma). Similarly, some papillary RCCs 
may contain tumor cells with clear cytoplasm focally, especially in areas with a solid growth pattern. 
Psammoma bodies, hemosiderin deposition within tumor cells, and fibrovascular cores containing foamy 
macrophages are more likely to be seen in papillary RCC. Diffuse CK7 immunoreactivity is present in many 
papillary RCC; it is negative in most clear cell RCC (59,60,61,62,63). Intracytoplasmic and luminal mucin is 
a common feature in CDC as is reactivity for carcinoembryonic antigen (CEA), peanut and soybean 
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agglutinins, Ulex europaeus, and high-molecular-weight cytokeratin 348E 12. 


FIGURE 3.23 CDC with prominent papillary architecture on a needle core biopsy. Papillary architecture 
alone is not diagnostic of a papillary RCC, particularly on needle core biopsies. 


255 
Translocation-associated RCCs can have a prominent papillary growth pattern (31,32,36). However, they 
are often seen in young patients, are rarely multifocal, usually have a high nuclear grade and abundant 
(sometimes voluminous) cytoplasm. In general, they are either negative or only focally positive for 
cytokeratins. Characteristically, they will exhibit nuclear immunoreactivity for TFE3 or TFEB, depending on 
the translocation. Tumors with papillary RCC- or CDC-like features on biopsy, but with very prominent, 
eosinophilic nucleoli and perinucleolar halos should always raise the possibility of HLRCC (57), and the 
possibility should always be at least suggested on core biopsies. Clear cell papillary RCC can also be 
mistakenly considered as papillary RCC on needle core biopsies. The morphologic and 
immunohistochemical features of this entity are quite distinct, both of which easily separate it from papillary 
RCC and clear cell RCC (see previous discussion). 


Metanephric adenoma and mucinous tubular and spindle cell carcinoma (MTSCC) are the differential 
diagnostic considerations for type 1 papillary RCC with predominantly tubular architecture (for the former) 
and papillary RCC with low-grade spindle cell areas (for the latter). 


Metanephric adenoma has uniform nuclei without prominent nucleoli. More than minimal nuclear variation 
and any prominent nucleoli favor papillary RCC in this differential. Unlike papillary RCC, metanephric 
adenomas are usually positive for CD57 and often negative for AMACR (70). MTSCC often has mucinous 
stroma, and the tubules have a rigid luminal contour. Unlike papillary RCC, they often show lack of staining 
for CD10 (71). The elongated tubules in papillary RCC often have an irregular, “shaggy” luminal surface 
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(eFig. 3.10) (60). However, some cases may be extremely difficult to differentiate on needle core biopsy and 
may require genetic confirmation, if possible. 


CHROMOPHOBE RENAL CELL CARCINOMA 


Chromophobe RCCs comprise 6% to 11% of renal epithelial tumors and are the third most common type of RCC. 
Contrary to popular belief, most chromophobe RCCs can confidently be diagnosed on needle core biopsies. 
These tumors have distinct morphologic, histochemical, and ultrastructural features that are maintained and 
recognizable on the biopsies. It is important to recognize this RCC for two reasons. First, stage-for-stage, 
chromophobe RCCs have significantly better prognosis than clear cell RCC (72,73). Secondly, the morphologic 
features of its eosinophilic variant may somewhat overlap with renal oncocytoma, a benign tumor. 


Microscopic Features 


Almost all tumors are grossly well-circumscribed but nonencapsulated. Therefore, if the tumor-nonneoplastic 
parenchymal interface is present 

P.56 
in the biopsy, the tumor is most often seen directly abutting the renal parenchyma (Fig. 3.24, eFig. 3.11). The 
architecture is predominantly solid, separated by mostly thin, incomplete fibrovascular septa (Fig. 3.25A) but may 
be focally admixed with tubular (Fig. 3.25B), nested, trabecular, cystic (Fig. 3.25C), and even papillary (Fig. 
3.25D) patterns. In the “classic” form, chromophobe RCC consists of large round to polygonal cells with often 
well-defined, prominent cell borders and pale cytoplasm admixed with a smaller population of polygonal cells with 
denser eosinophilic cytoplasm (Fig. 3.26A). Unlike that in clear cell RCC, the cytoplasm is not entirely clear in the 
paler cells but is finely reticulated. In the “eosinophilic” variant, there is a predominance of tumor cells with 
densely eosinophilic, granular cytoplasm (Fig. 3.26B). Although the distinction between the classic and the 
eosinophilic variants of chromophobe RCC is clinically not important (72), recognition of the eosinophilic variant 
is necessary to avoid misinterpreting it as an oncocytoma (eFig. 3.12). Nuclei are typically hyperchromatic, with 
irregular nuclear membranes. This nuclear feature predominates in the great majority of cases, although round 
nuclei with only focal wrinkling is prominent in many eosinophilic variants. Perinuclear halos are invariably seen 
in all cases, but such halos are more pronounced in the typical variant. At the same time, the nuclear irregularity 
and perinuclear halos tend to be somewhat less prominent in the biopsies, particularly in some cases of the 
eosinophilic variant. Therefore, careful evaluation at both the scanner and higher magnifications is 

P.57 

P.58 

P.59 

P.60 
essential on the biopsy material, to avoid misdiagnosis as renal oncocytoma (Fig. 3.27A,B). This distinction is 
particularly problematic, as many of the eosinophilic variants show a prominent nested growth pattern, mimicking 
renal oncocytoma (Fig. 3.27C). Because of preferential localization of the ultrastructural microvesicles in 
perinuclear regions of the cells, with the 

P61 
resultant perinuclear clearing on hematoxylin and eosin (H&E) staining, the cytoplasmic organelles are pushed 
toward the periphery of the cytoplasm. This results in apparent thickening of the cell membrane, reminiscent of 
the thick cell walls of plant cells (Fig. 3.28). Binucleate cells are present in virtually all cases. Focal, and rarely 
prominent, cytologic atypia with hyperchromatic, bizarre nuclei may be present in some cases, as may be foci of 
necrosis (Fig. 3.29). 
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FIGURE 3.24 Chromophobe RCC: most often a well-circumscribed tumor without encapsulation. 
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FIGURE 3.25 A: Chromophobe RCC: typical solid architecture, separated by thin, incomplete fibrovascular 
septae. B: Tubular architecture in a chromophobe RCC. C: Microcystic pattern in a chromophobe RCC. D: 
Focal papillations in a chromophobe RCC. 
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FIGURE 3.25 A: (Continued) 
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FIGURE 3.26 A: Classic chromophobe RCC showing a mixture of larger pale cells and smaller eosinophilic cells. 
Note the nuclear irregularities and perinuclear halos, the most characteristic cytologic features of chromophobe 
RCC. B: Eosinophilic variant of chromophobe RCC with easily identifiable perinuclear halos; such halos often 
tend to be less prominent in needle core biopsies. 
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FIGURE 3.27 A: At lower magnification, the nuclear irregularities and perinuclear halos may be difficult to 
identify in needle core biopsies (see right side of the illustration). B: Evaluation at higher magnification reveals 
easily identifiable diagnostic features (arrows). C: Eosinophilic variant of chromophobe RCC with an architecture 
mimicking renal oncocytoma. 
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FIGURE 3.27 A: (Continued) 
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FIGURE 3.28 Besides the cytoplasmic fibrillations, apparent cell membrane thickening (plant cell-like) (arrows) is 
a characteristic feature in chromophobe RCC. 
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FIGURE 3.29 Focus of necrosis and a mitotic figure in a chromophobe RCC with aggressive clinical behavior. 


A sarcomatoid growth pattern may be present in a small percentage of cases. In most such cases, typical 
chromophobe RCC epithelial areas are positioned directly next to the sarcomatoid areas, without apparent direct 


transition from epithelial to spindle cell components (Fig. 3.30). 
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Ancillary Studies 


Diffuse reticular or granular cytoplasmic staining with Hale colloidal iron is a hallmark of chromophobe RCC (Fig. 
3.31) (74), although only focal, and weak or even absent staining may be seen in some cases with prominent 
eosinophilic cells (59,60,75,76). A few cases exhibit staining only along the luminal borders of acini. By 
immunohistochemistry, chromophobe RCC often show diffuse positivity for CD117, often with peripheral 
cytoplasmic accentuation (Fig. 3.32); CK7 is also generally diffusely positive (Fig. 3.33). However, CK7 positivity 
in the eosinophilic variants may not be diffuse and can even be very focal (Fig. 3.33, inset). The presence of 
cytoplasmic microvesicles is a pathognomonic ultrastructural feature of chromophobe RCC (77,78,79,80,81). 
Mitochondria in chromophobe RCCs often show tubulocystic cristae (80,81). However, ultrastructural studies on 
needle core biopsies are not routinely performed, and have not been reported in literature on needle core 
biopsies. 


Differential Diagnosis 

Classical chromophobe RCC may be confused with clear cell RCC, particularly in limited biopsy material. 
However, careful attention to cytoarchitectural features will easily lead to the appropriate diagnosis in most 
cases (see Differential Diagnosis section on Clear Cell Renal Cell Carcinoma). 

The other main differential diagnostic consideration is between eosinophilic variant of chromophobe RCC 
and renal oncocytoma or low-grade oncocytic RCC, unclassified. Perinuclear halos and nuclear 
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wrinkling are diagnostic of chromophobe RCC, even when present focally in a needle core biopsy. 
However, evaluation of nuclear features may require examination at high magnification. The nuclear 
contours in oncocytoma are round and quite uniform (except in foci with large, pleomorphic, degenerate- 
appearing nuclei). CK7, when diffusely positive, may help in distinction from oncocytoma, although many 
eosinophilic chromophobes also do not show diffuse immunoreactivity for CK7. Oncocytic tumors with 
nested/oncocytoma-like architecture, nuclear shape and size variability, and absence of perinuclear halos 
should be regarded neither as eosinophilic chromophobe nor as renal oncocytoma, and are best designated 
as low-grade oncocytic RCC, unclassified. Because of low malignant potential of such neoplasms, some 
have been using the term /ow-grade renal neoplasms with overlapping histologic features between 
oncocytoma and chromophobe RCC (82). 


FIGURE 3.31 Diffuse positivity with Hale colloidal iron histochemical stain in chromophobe RCC; the stain is 
often difficult to perform. 
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FIGURE 3.32 CD117 (c-Kit) immunohistochemical stain often, though not always, labels chromophobe RCC 
in a diffuse manner with membranous accentuation. 
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FIGURE 3.33 Chromophobe RCC frequently stains diffusely positive for CK7, but some tumors, particularly 
the eosinophilic variants, may only show rare single cell positivity (inset). 
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4 
Renal Cell Carcinoma: Uncommon Types 


Satish K. Tickoo 
Ying-Bei Chen 


Most of the tumors described in this chapter are relatively rare and, in theory, may raise the apprehension of 
being missed or misdiagnosed on needle core biopsies. However, as in resection specimens, in real practice, a 
vast majority of them can be diagnosed on needle core biopsies based on their characteristic morphologic 
features. At the same time, given the relative lack of experience for most pathologists with these tumors, it may 
be prudent to use ancillary techniques—in particular immunohistochemistry—more liberally until greater 
experience with these is garnered. 


MULTILOCULAR CYSTIC RENAL CELL NEOPLASM OF LOW MALIGNANT 
POTENTIAL/MULTILOCULAR CYSTIC RENAL CELL CARCINOMA 


Multilocular cystic renal cell carcinoma represents a rare subset of clear cell renal cell carcinoma (RCC) 
(1,2,3,4,5), as it shows similar molecular alterations as clear cell RCC (1,6). However, the follow-up information 
available on these tumors has shown no recurrence or metastases (2,3,4,5). Therefore, it is suggested that 
these lesions be redesignated as multilocular cystic renal cell neoplasms of low malignant potential (4,5). By 
definition, it is a tumor composed entirely of numerous cysts, with the septa containing dispersed clusters of clear 
cells with low nuclear grade. Presence of any solid areas or expansile masses in the tumor excludes it from the 
category of multilocular cystic RCC. It is, therefore, apparent that even when only multilocular cystic component 
of a tumor with clear cell lining is seen on a needle core biopsy, one cannot diagnose it as multilocular cystic 
RCC with certainty. In such instances, one can only raise the possibility of multilocular cystic RCC and suggest 
correlation with radiologic findings. 


Microscopically, the thin fibrous septae are lined by one to multiple layers of cells with clear cytoplasm and low- 
grade nuclei; although the epithelial lining may be absent in many areas (Fig. 4.1A). Focal papillary tufting of the 
lining may also be seen. Foamy macrophages may also line the cyst wall. Small clusters of tumor cells are 
present within the fibrous septa 

PA 

P.72 
(Fig. 4.1B) or in the adjacent pseudocapsule, but no expansile masses that alter the shape of the septae are 
present. In biopsy specimens, depending on the size of the cysts, only collapsed cyst walls with sprinkling of the 
clear cells in the walls may be noted (Fig. 4.1A). 
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FIGURE 4.1 Multilocular cystic RCC/multilocular cystic renal cell neoplasm of low malignant potential. A: A 
multilocular cystic lesion with no lining apparent; immunohistochemical stain for cytokeratin or carbonic 
anhydrase IX may be needed in case of such a finding on needle core biopsy. B: High magnification showing a 
single layer of clear cells lining the cysts with dispersed clusters of clear cells in the septa without forming any 
expansile nodules. 


Ancillary Studies 

Immunohistochemical support may be needed particularly in biopsies with collapsed cyst walls and scant lining 
cells. Carbonic anhydrase IX (CA-IX) and CK7 diffusely highlight the lining cells supporting the morphologic 
impression (7) and may also help in differentiation from cystic nephroma (see following discussion). 


Differential Diagnosis 


In addition to clear cell RCC with prominent cystic component, the differential diagnosis includes cystic 
nephroma and benign multilocular cyst of the kidney. Close attention to the epithelial lining and the fibrous 
cyst wall will lead to the correct diagnosis. Cystic nephromas are usually lined by a single layer of flattened 
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or hobnailed epithelium, which only rarely shows clear cytoplasm. The fibrous stroma is often cellular, 
resembling ovarian stroma. The septa may contain small tubules lined by bland epithelial cells, reminiscent 
of renal tubules. 


MUCINOUS TUBULAR AND SPINDLE CELL CARCINOMA 


Unlike sarcomatoid RCCs, in spite of showing a spindle cell component, this distinctive tumor mostly shows an 
indolent clinical behavior (5,8,9,10); only a very occasional case with the typical histology has been described to 
show metastasis (11). Some mucinous tubular and spindle cell carcinoma (MTSCC) with high-grade sarcomatoid 
features or marked epithelial atypia have behaved aggressively, but such morphologic features are very rare 
(12,13,14,15). Because grossly most tumors are well-circumscribed, this circumscription may be noted even on 
core biopsies in the form of distinct demarcation from adjacent nonneoplastic renal parenchyma, often with an 
intervening distinct capsule. Microscopically, the tumor is composed of elongated, mostly straight and sometimes 
branching tubules with slit-like lumina or as solid compressed cords, and prominent low-grade spindle cell areas 
(Fig. 4.2A). The epithelialappearing cells are usually low cuboidal with small amount of amphophilic to 
eosinophilic cytoplasm and low-grade nuclei. The nuclei in the spindle cells are morphologically similar to those 
in the tubular areas. Uncommon features that may occasionally be seen include the presence of foamy 
macrophages, papillations, necrosis, and focal clear cells in tubules and rarely oncocytic tubules (16,17) (eFig. 
4.1). Myxoid stroma is present in majority of the cases, although occasional tumors may be “mucin-poor” (Fig. 
4.2B) (16). 


Ancillary Studies 
Immunohistochemical stains for CK7, racemase (AMACR), RCC antigen, and CD15 are positive in both the 
tubular and spindle cell areas. CD10 
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is mostly negative but may be focally positive in some cases (10,18). Ultrastructural evaluation, performed on a 
few cases, shows close resemblance to the loop of Henle (8). Comparative genomic hybridization (CGH) data 
available on a few cases shows frequent losses at chromosomes 1, 4q, 6, 8p, 11q, 13, 14, and 15, with gains at 
11q, 16q, 17, and 
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20q (15). No VHL deletions or trisomy 7 and 17, and loss of Y have been found (19). 
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FIGURE 4.2 MTSCC. A: Needle core biopsy showing the characteristic morphologic features: many elongated 
tubules, low-grade spindle cell areas with nuclear details similar to that lining the tubules, and stromal myxoid 
change. B: Another core biopsy with many branching tubules and very focal myxoid change (arrows). 


Differential Diagnosis 

The main differential diagnostic consideration is type 1 papillary RCC with predominantly tubular 
architecture. Because of the morphologic and immunohistochemical overlap (18), it has been suggested 
that MTSCC may be a variant of papillary RCC (20). Rare cases of papillary RCC variant that contain low- 
grade spindle cell areas are even closer morphologic mimics (21). However, in addition to the usual lack of 
mucinous stroma in papillary RCC, we find the frequent absence of CD10 in MTSCC quite useful in this 
distinction. Another helpful feature is that the luminal surfaces of MTSCC tubules are very often straight, 
whereas these show irregular contours (shaggy lumina) in papillary RCCs (22). Argani and colleagues (21) 
have also highlighted the use of fluorescence in situ hybridization (FISH) for trisomies 7 and 17 in the 
distinction of MTSCC from papillary RCC with low-grade spindle cell areas, although it remains to be 
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confirmed on larger studies. 


CLEAR CELL PAPILLARY RENAL CELL CARCINOMA 


Clear cell papillary RCC initially described by Tickoo et al. (23) in the setting of end-stage kidneys, also occurs 
without evidence of impaired renal function (24,25,26,27,28,29). Although originally believed to be a morphologic 
variant of conventional clear cell carcinoma, published series reveal no evidence of 3p25.3 losses or VHL gene 
mutations, supporting it as a distinct entity (24,26,27,28,30). Additionally, polysomies of chromosomes 7 and 17, 
a common feature in papillary RCC, are not seen. These tumors are usually unifocal, unilateral, and small: the 
largest tumor described being 6 cm in maximum diameter. Grossly, they are well-circumscribed and often 
encapsulated, although the capsule may be of variable thickness. It is common for the lesion to be cystic or 
partially cystic; however, some are predominantly solid. Microscopically, the tumor cells have almost uniformly 
clear cytoplasm and low-grade nuclei (Fig. 4.3A,B). The cells are cuboidal and arranged in tight tubular/acinar 
structures, particularly in the solid areas. Very often the tubules show branching, resulting in the formation of 
apparent papillae (Fig. 4.3B). If the tumor cells have minimal cytoplasm, these areas can appear solid (collapsed 
acinar pattern) (Fig. 4.3C, eFig. 4.2). Sometimes papillary structures are seen tufting into cystic spaces that are 
also lined by clear cells. Characteristically, the tumor nuclei are arranged in a linear fashion, away from the basal 
aspect of the cell, either in the center or toward the apices of the cells (Fig. 4.3C,D). The nuclear arrangement 
and other cytologic features are easily identifiable in needle core biopsies. Stromal hyalinization and/or myoid 
metaplasia may 
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be evident within the lesion. Tumor necrosis and vascular invasion are not features of these tumors, although 
rare cases extending into the renal sinus have been described. Although the number of cases with extended 
clinical follow-up information are few in the literature, our experience suggests that these are indolent tumors. 
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FIGURE 4.3 Clear cell papillary RCC. A: Partly cystic and partly solid architecture on a core biopsy. B: Tubules 
and cysts lined by clear cells with low-grade nuclei. C: Branching tubules giving rise to apparent papillations. 
Note the linear arrangement of nuclei, away from the basement membrane. D: Collapsed acini with scant 
cytoplasm. E: Diffuse membranous CA-IX positivity with lack of staining along the luminal aspects of the cell 
(cup-shaped staining). F: Diffuse immunoreactivity for CK7, a characteristic feature in all tumors. 
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FIGURE 4.3 (Continued) 
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FIGURE 4.3 (Continued) 
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Ancillary Studies 

The immunohistochemical features of this tumor are quite characteristic (23,24,26,28,31). Tumor cells show 
diffuse membranous expression of CA-IX, but most often, there is absence of staining along the luminal borders 
of the tumor cells (cup-shaped distribution) (Fig. 4.3E, eFig. 4.3). CK7 shows diffuse immunoreactivity with 
invariable expression in almost 100% of the tumor cells (Fig. 4.3F). AMACR is entirely negative, whereas CD10 
is negative in most cases (eFig. 4.4). It is common to see patchy to diffuse immunoreactivity for high-molecular- 
weight cytokeratin (348E12) (eFig. 4.5). 


Differential Diagnosis 


The differential diagnosis include clear cell RCC (eFig. 4.6), papillary RCC, cystic nephroma/mixed 
epithelial stromal tumor (MEST), and benign multilocular cyst of the kidney. Attention to the cytologic 
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features (in particular, the extensive linear arrangement of nuclei) as well as the unique 
immunohistochemical profile makes the distinction from clear cell RCC and papillary RCC relatively easy, 
even on needle core biopsies. Cystic nephromas/MEST are usually lined by a single layer of flattened or 
hobnailed epithelium, which only occasionally contains clear cytoplasm. The fibrous stroma may be more 
cellular, resembling ovarian stroma. The septa may contain small tubules lined by bland epithelial cells, 
reminiscent of renal tubules. 


ACQUIRED CYSTIC DISEASE OF KIDNEY-ASSOCIATED RENAL CELL 
CARCINOMA 


This recently described RCC is by definition associated with end-stage kidneys with acquired cystic disease 
(5,23). Most of the reported cases have occurred in patients on dialysis. Although the usual subtypes of renal 
epithelial tumors show an increased incidence in end-stage kidneys, acquired cystic disease of kidney (ACD)- 
associated RCC is the most common type of RCC arising in this setting (23). The tumor is characteristically 
composed of large eosinophilic cells with prominent nucleoli; inter- and intracellular spaces (holes), resulting in a 
vaguely cribriform architecture; and intratumoral oxalate crystals in a majority of the cases (Fig. 4.44). Foci with 
clear or amphophilic cytoplasm may also be present. Architecture is variable and there may be papillary, acinar, 
tubular, cystic, and sheet-like areas in variable proportions (Fig. 4.4B). Some of these tumors behave 
aggressively, may metastasize, and cause death. Most of the aggressive tumors have sarcomatoid features 
(23,32); however, we have also observed rare nonsarcomatoid tumors that behaved in an aggressive manner 
and developed metastases. 


Ancillary Studies 
Immunohistochemical staining for AMACR and glutathione S-transferase alpha are diffusely and strongly 
positive, whereas CK7 is mostly 
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negative (23,33,34). Reported molecular studies revealed gains and losses of multiple chromosomes. Although 
gains of chromosomes 7 and/or 17 in some tumors have been reported, gains of chromosomes 1, 2, 3, 6, 7, 16, 
and Y were also frequently observed. Gains of chromosomes 3 and 16, in particular, have been among the more 
consistent findings (33,34,35,36,37). 


www.ketabpezeshki.com 66485457-66963820 


FIGURE 4.4 ACD-associated RCC. A: Tubular, cribriform, and papillary architecture, with abundant intratumoral 
oxalate crystals. B: Tubular and "sievelike" cribriform architecture, intratumoral oxalate crystals, and tumor cells 
with abundant eosinophilic cytoplasm and easily identifiable nucleoli. 
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Differential Diagnosis 

The variable architectural features may have led in the past to many of these being considered papillary, 

clear cell, or even unclassified RCC (22,23,24). However, the eosinophilic cytology with prominent nucleoli 

in most tumors, combination of architectural patterns, sievelike areas in the tumor, and the presence of 
intratumoral oxalate crystals in a background of acquired cystic end-stage kidneys is quite diagnostic of the 
tumor and is often seen even in needle core biopsies. 


MiTF/TFE TRANSLOCATION-ASSOCIATED RENAL CARCINOMAS 
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These tumors, because of the prominent clear cell cytology and often papillary architecture, might sometimes be 
considered as unclassified RCC. Although these tumors form a relatively greater proportion of renal tumors in the 
pediatric age group, they are increasingly being recognized in adults as well. The tumors in adults have been 
reported to show a more aggressive clinical behavior than in pediatric age group (5,38). These tumors are 
defined by translocations involving MITF/TFE family genes (TFE3 or TFEB) (5,39,40,41,42). The TFE3 gene is 
localized to Xp11.2, which is fused with one of multiple chromosomal loci, with the end-result of overexpression 
of the TFE3 protein. The TFEB gene is localized to 6p21, which fuses to alpha gene on 11412. This fusion 
results in overexpression of the TFEB protein. Both TFE3 and TFEB expression may be detected by 
immunohistochemistry, a very useful and relatively specific diagnostic aid (5,43,44). Grossly, these tumors are 
generally well-circumscribed but often nonencapsulated. Microscopically, significant overlap exists among 
different translocation groups. However, tumor cells with abundant clear cell cytoplasm and high nuclear grade 
as well as alveolar or solid growth are more commonly seen in t(X;17) (ASPL-TFE3) tumors (Fig. 4.5A, eFigs. 4.7 
and 4.8). Papillary growth and granular eosinophilic cytoplasm may also be seen (Fig. 4.5B). Psammomatous 
calcifications are virtually always present and may be abundant. The t(X;1) (PRCC-TFE3) tumors usually have 
less cytoplasm, lower grade nuclei, and fewer psammoma bodies and hyaline nodules. Papillary architecture is 
common, either merging with or sharply demarcated from solid/acinar areas. t(6;11) (Alpha-TFEB) tumors are 
characterized by tumor cells with clear cytoplasm, well-defined cell borders, as well as round nuclei with 
prominent nucleoli. In addition, there may be a minor population of hyperchromatic tumor cells with minimal 
amounts of cytoplasm clustered around nodules of basement membrane-type material (Fig. 4.5C). A prominent 
papillary pattern of growth is unusual. 


Ancillary Studies 


A diagnosis of MITF/TFE translocation-associated RCC, particularly on limited samples as needle core biopsies, 
should always be entertained in a renal tumor that fails to stain for multiple epithelial markers, particularly 
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in a younger aged patient (Fig. 4.5D). MITF/TFE translocation-associated RCCs are commonly negative for all 
epithelial markers, although some, particularly EMA, may be focally or even diffusely positive. Tumors associated 
with Xp11 translocations express TFE3 in a nuclear distribution (Fig. 4.5E), whereas t(6;11) tumors exhibit 
nuclear expression of TFEB. Up to 5096 of the latter express melanocytic markers such as HMB-45 or A103 
(Melan-A) (44), whereas a small percentage of Xp11 tumors stain for these markers. Cathepsin K has more 
recently been shown to be diffusely expressed in TFE carcinomas and maybe particularly useful in needle core 
biopsies (45). Break-apart FISH probes for both TFE3 and TFEB (46,47) are increasingly being used nowadays, 
because immunohistochemical staining assays for TFE3 and TFEB are technically somewhat difficult to perform 
and often show high background (faint nuclear) staining (5). 
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FIGURE 4.5 MiTF/TFE translocation-associated RCC. A: A TFE3 carcinoma with solid alveolar growth pattern 
and many cells with ballooned cytoplasm. B: Predominantly eosinophilic cytoplasm in another TFE3 carcinoma. 
C: Two cell types in a t(6;11) tumor. Such dual population is not specific for TFEB tumors and may be seen even 
in some TFE3 carcinomas. D: MiTF/TFE translocation-associated RCCs are often negative for epithelial 
markers. In presence of appropriate morphology, such observations strongly merit further investigations for a 
TFE tumor. E: Strong and diffuse immunohistochemical nuclear staining for TFE3 in limited biopsy material. 
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FIGURE 4.5 (Continued) 
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FIGURE 4.5 (Continued) 


Differential Diagnosis 


Clear cell RCC and papillary RCC can be differentiated by the absence or at the most focal staining for 
epithelial markers in MiTF/TFE translocation-associated RCC as well as TFE3, TFEB, and/or cathepsin K 
positivity. A subset of perivascular epithelioid cell neoplasms (PEComas) may exhibit expression patterns 
similar to MiTF/TFE translocation-associated RCC for the epithelial and melanocytic markers (48); the key 
in arriving at the proper diagnosis is in the differential expression of other markers in the panel, including 
PAX8 and PAX2 (both usually positive in TFE3 and TFEB translocation-associated RCCs and negative in 
PEComas). 
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TUBULOCYSTIC RENAL CELL CARCINOMA 


Tubulocystic RCC is one of the five tumors accepted as a "new entity" in the International Society of Urologic 
Pathology (ISUP) Vancouver Classification of Renal Neoplasia (5). The tumor has distinctive gross and 
microscopic features and appears to be mostly indolent in clinical behavior, with only rare reported cases of 
metastasis (49,50,51,52). These tumors are well-circumscribed and usually encapsulated. Cut surface is variably 
spongy to gray “bubble wrap" type. Microscopically, the tumor is entirely composed of variably sized tubules and 
cysts (Fig. 4.6A). The cells lining the tubules and cysts show abundant eosinophilic cytoplasm and often, at least 
focally, have a hobnail appearance. The nuclei are enlarged and have prominent nucleoli (Fuhrman nuclear 
grade 3) (Fig. 4.6B). Mitoses are inconspicuous. The stroma intervening between the tubules and cysts is 
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characteristically fibrotic and generally hypocellular (Fig. 4.6C). Occasional chronic inflammatory cells may be 
present. No solid cell nests or more than focal papillations in the form of infoldings of the cyst lining are present. 


Ancillary Studies 
By immunohistochemistry, nearly all cases show positivity for CD10 and AMACR. Stains for cytokeratins CK8, 
CK18, and CK19 are often positive, whereas staining for CK7 is variable. Asmall percentage of cases show 
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positivity for 348E12. Although results on the few molecular studies performed on very small number of cases 
have not been consistent, gene expression profiling studies reveal tubulocystic RCC and collecting duct 
carcinoma to be distinctive entities at a molecular level (53). Because tubulocystic carcinoma-like areas may be 
present in collecting duct carcinoma, correlation with the radiologic findings (tubulocystic RCC, 
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well-circumscribed and encapsulated versus collecting duct carcinoma, infiltrative and irregular) is a must before 
such a diagnosis is rendered on a needle core biopsy. 


FIGURE 4.6 Tubulocystic RCC. A: Purely tubular and microcystic architecture. B: Eosinophilic cells with 
prominent nucleoli, a typical feature in the tumor. C: Paucicellular, fibrotic intervening stroma. 
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FIGURE 4.6 (Continued) 


Differential Diagnosis 

According to the ISUP consensus 2012, “The term tubulocystic RCC should be restricted to those tumors 
that display typical macroscopic and microscopic appearance as described above. The term should not be 
used in situations in which there is a tubulocystic pattern admixed with the usual elements of papillary RCC 
or collecting duct carcinoma" (5). Collecting duct carcinoma and more recently recognized, HLRCC- 
associated RCC, may show areas resembling tubulocystic RCC. Recently, some authors have considered it 
to represent dedifferentiation in tubulocystic RCC (54). However, unlike collecting duct carcinoma and 
HLRCC renal cancers, tubulocystic RCC is well-circumscribed and encapsulated, with no solid or papillary 
areas, and does not show desmoplastic stroma, multinodular growth pattern, or infiltrative features. 


THYROID-LIKE FOLLICULAR RENAL CELL CARCINOMA 
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Thyroid-like follicular RCC has been regarded as an emerging/provisional new entity in the ISUP Vancouver 
Classification of Renal Neoplasia (5), a term used for tumors that although appearing distinctive, are so rarely 
reported that “the working group reserved judgment regarding their place in the classification system pending 
publication of additional reports and/or further refinements in diagnostic criteria.” It is grossly a well- 
circumscribed tumor with a distinct fibrous capsule (55,56,57,58). Most tumors have had indolent clinical 
behavior, with only rare cases reported with metastasis (59). Microscopically, the tumor shows prominent 
follicular architecture composed of microfollicles and macrofollicles, filled with inspissated colloid-like material 
(Fig. 4.7). Occasionally, the secretions maybe focally calcified. Patchy intratumoral lymphoid aggregates are 
frequently noted. The follicles are lined by cells with a moderate amount of amphophilic to eosinophilic cytoplasm 
and round to rarely oval nuclei with uniform chromatin. Mild nuclear membrane irregularities are often noted. 
Nucleoli are inconspicuous. Necrosis and lymphovascular invasion are absent in most of the tumors. The tumors 
lack the histologic features typical in papillary carcinoma of thyroid, including nuclear clearing, pseudoinclusions 
or grooves, or prominent papillations. There is no case of needle core biopsy of thyroid-like follicular RCC 
reported in the literature, although cytologic details on smears have been reported (59). 


Ancillary Studies 


The tumors are typically negative for CK7, but rare cases may show variable positivity. They may also be 
negative for PAX2, PAX8, RCC antigen, CD10, WT1, Ksp-cadherin, and AMACR. Most importantly, all cases are 
negative for thyroglobulin and TTF-1. 


P.87 
Z Y ee "AT UE VAIS SE 5 
‘ É / V^ 99 $4 
A $9 9 E Na 5 ART 
Y ab: Se Y y Aaa | 
| JA , E = € 5 Lr ^ e > 
/* qi ym V 4 O EN ^ 98 
gvd e y fis &g y e i 
a % remit e (c3 A, m « q" o^5 Abr 
¿a a i. Sd M ^" €". % po. 7 
"us ^ 
E eo " Pe m E ; t è ® é- te m Y 
Eg Y e > b " vá à 3 2 f ^ j 
& * + L2 f 
E T X ox E » 9 (e 59060 9 
7 a * M Li $ ha m 1 | 
Ld qm CMS i ' 3 b A Ey 
o ^f 
rz © w% & a 4 e » (€ + > 
A s 59 $ ^ "- S > [2 
> e f . A e € & e S 
$ b @ =, a A E 2 <>. > 
Qo TN L UA >, 
2 - n Ow A - “e - e am v 
I WV anda ^ à; ` 
327 Ws 5 alo a > « we - e sE 
Pr MU s o? m 
y , ^ ec, QS Ha CONS 


FIGURE 4.7 Thyroid-like follicular RCC. Variably sized follicular structures with inspissated colloid-like contents. 
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Differential Diagnosis 

The most important differential diagnostic consideration is metastatic thyroid carcinoma to the kidney. Most 
cases of metastatic thyroid carcinoma to the kidney have disseminated metastatic disease, in addition to the 
renal involvement. Primary thyroid-like follicular RCC does not have the nuclear features characteristic of 
papillary thyroid carcinoma. All reported metastatic thyroid carcinomas to the kidney have been positive for 
thyroglobulin and/or TTF-1. 


COLLECTING DUCT CARCINOMA 


Collecting duct carcinoma (CDC) is a rare and very aggressive form of RCC that is commonly centered in the 
renal medulla and thought to arise from cells of collecting ducts (60). CDC is predominantly a high-grade 
adenocarcinoma, typically displaying tubular and tubulopapillary architectural patterns with irregular glands 
infiltrating in a desmoplastic stroma (Fig. 4.8A,B, eFigs. 4.9 and 4.10) (61). Solid nested/acinar, solid sheet-like, 
cord-like, individual cells, microcystic, and sarcomatoid are other common architectural patterns that may be 
present. Multinodular, infiltrating growth, and desmoplastic stroma are characteristically present in almost all 
cases. Prominent inflammatory reaction including a neutrophil infiltrate within and around the tumor is another 
common feature. A subset of CDCs may show a predominantly papillary architectural pattern (Fig. 4.8C). Given 
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this broad spectrum of histologic patterns, the diagnosis of CDC is difficult and often relies on excluding other 
possibilities in the differential diagnosis. For example, an absence of urothelial carcinoma (UC) after careful 
sampling of renal pelvis is one of the major criteria for the diagnosis of CDC in nephrectomy specimens (60). 
When a high-grade adenocarcinoma with characteristic features suggesting CDC is encountered on a renal core 
biopsy, the possibility of CDC should be raised only after excluding UC 
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with glandular differentiation and secondary involvement by a metastatic carcinoma. However, in our opinion, a 
definitive diagnosis of CDC based on core material may be difficult because of the limited tissue sampling and a 
lack of specificity for some of these histologic features. Nonetheless, a few reports of “CDC” using predominantly 
fine needle aspiration (FNA) do exist in the literature (62,63,64). 
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FIGURE 4.8 CDC. A: Tubular architectural pattern in a desmoplastic stroma. B: Tumor with tubulopapillary 
pattern and inflammatory infiltrates. C: Tumor with predominantly papillary architectural pattern but showing 
multinodular and infiltrating growth. D: High-grade RCC with papillary features on a core needle biopsy. 
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FIGURE 4.8 (Continued) 


The defining molecular alterations for CDC remain elusive; the very limited data in the literature does not reveal 
any consistent cytogenetic or molecular changes (65,66,67,68,69). On the other hand, certain RCCs defined by 
molecular aberrations such as hereditary leiomyomatosis and renal cell carcinoma (HLRCC) syndrome have 
been found to exhibit histologic features indistinguishable from CDC (see following discussion). It is highly 
possible that CDC represents a heterogenous group of tumors with distinct molecular makeups, despite sharing 
certain high-grade histologic features. 


Ancillary Studies 

By immunohistochemistry, CDC is often, but not always, positive for PAX8 and EMA, although usually shows no 
immunoreactivity for p63 and GATA3 (70,71,72,73). The expression of CK7, 34BE12, and PAX2 appear to be 
more variable and have been seen in 20% to 50% of the reported cases. Tumor cells also stain positive for Ulex 
europaeus lectin 1 (UEA1). An immunohistochemical panel including PAX8, p63, 348E12, and GATA3 can be 
used to distinguish CDC from UC: positive staining for p63, GATA3, or 348E12 (strong and diffuse), in 
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combination of negative PAX8 staining would favor UC over CDC. However, caveats for this approach include 
that a subset of upper tract UC (10% to 20%) show positivity for PAX8 and that the sensitivity for p63 and 
GATAS are often less than 100% in UC, particularly in high-grade tumors. When compared to other subtypes of 
RCC, CDC is usually negative or shows only focal/patchy staining for CD10, CA-IX, AMACR, or E-cadherin. 


Differential Diagnosis 
Given the high-grade cytologic features, variable architectural patterns, and associated desmoplastic 
stroma and inflammation in CDC, the foremost issue, particularly on a core biopsy, is to establish the tumor 
as a primary RCC. Prior history and immunohistochemical studies to distinguish RCC from a UC with 
glandular differentiation or a metastatic tumor is always necessary. Other RCCs in the differential diagnosis 
for CDC mainly include papillary RCC; renal medullary carcinoma; and RCC, unclassified as well as the 
HLRCC-associated RCC. Papillary RCCs are usually well-circumscribed and lack stromal desmoplasia. The 
papillary cores often contain foamy histiocytes—a feature less likely to be present in CDC with a 
predominantly papillary growth pattern. From a practical point of view, when a core biopsy reveals a high- 
grade RCC with prominent papillary architecture and extensive infiltrative features (Fig. 4.8D), 
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a descriptive diagnosis “RCC with papillary features, high nuclear grade; cannot exclude CDC” is often 
sufficient to help clinicians make appropriate management decisions. The differential diagnosis from the 
other three types of RCC is discussed further in the following sections. 


RENAL MEDULLARY CARCINOMA 


Similar to CDC, renal medullary carcinoma (RMC) is another medullarybased high-grade tumor with infiltrative 
growth pattern. However, RMC has very distinctive clinical features: it occurs almost exclusively in young 
patients with sickle cell trait or rarely sickle cell disease (61,74,75). Histologically, RMC often shows reticular or 
cribriform glands (Fig. 4.9A, eFig. 4.11), in addition to other patterns such as yolk sac-like (eFig. 4.12), tubular, 
glandular, and solid nests or sheet-like growth (Fig. 4.9B). Similar to CDC, RMC exhibits desmoplastic or fibrotic 
stroma and a neutrophildominant inflammatory infiltrate. Tumor cells show high-grade cytology, and cytoplasmic 
mucin is a frequent finding. Sickled red blood cells can often be found in the small vessels within and around the 
tumor (eFig. 4.12). Given the overlapping morphologic features with CDC, some pathologists have considered it 
as particularly aggressive variant of CDC. The loss of nuclear expression of INIT (SMARCB1/SNF5/BAF47) 
protein by immunohistochemistry (Fig. 4.9C) is a consistent finding in RMC (76), 
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although the exact molecular mechanism mediating this finding in RMC is unknown. It also remains controversial 
whether loss of INI1 is a defining feature of RMC, as INI1 loss has been reported in about 1596 of CDC (77). 
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FIGURE 4.9 RMC. A: Cribriform or microcystic growth patterns are commonly seen in RMC. An inflammatory 
infiltrate with numerous neutrophils is present. B: Solid and cordlike growth pattern in RMC. C: 
Immunohistochemical staining for BAF47 (INIT) shows a loss of the nuclear staining in tumor cells, whereas the 
expression is retained in inflammatory, stromal, and benign renal epithelial cells. 
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FIGURE 4.9 (Continued) 


Ancillary Studies 


Most patients show sickle cell trait (Hb-AS) or Hb-SC on hemoglobin electrophoresis; rarely, some patients may 
have sickle cell anemia 

(Hb-SS). The immunoprofile of RMC in general significantly overlaps with CDC with the exception of BAF47 
(INI1). In our experience, loss of BAF47 (INI1) nuclear expression is a consistent finding in RMC, whereas in 
general it is not a feature of other high-grade RCCs with similar morphology, including CDC and RCC, 
unclassified. 


Differential Diagnosis 


The main differential considerations for RMC are CDC and UC with glandular features. RMC is 
distinguished from CDC mainly by its clinical association with sickle cell trait/disease, whereas a similar 
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immunohistochemical panel as discussed for CDC previously can be used to separate them from UC. 
BAF47 (INI1) immunohistochemistry can be reliably performed on core biopsy and is very helpful in 
supporting the diagnosis of RMC. 


HEREDITARY LEIOMYOMATOSIS AND RENAL CELL CARCINOMA (HLRCC) 
SYNDROME-ASSOCIATED RENAL CELL CARCINOMA 


HLRCC is an inherited autosomal dominant disorder in which germline mutations of fumarate hydratase (FH) 
gene confer an increased risk of cutaneous and uterine leiomyomas as well as RCC (78,79,80,81). RCCs in the 
setting of HLRCC are very aggressive and have recently been recognized as a “new entity” in the ISUP 
Vancouver Classification of Renal Neoplasia (65). Unlike other hereditary RCCs, HLRCC renal tumors are often 
solitary and unilateral, and therefore clinically difficult to be distinguished from sporadic tumors. Although HLRCC 
tumors were described to be type 2 papillary RCC or rarely CDC in the early literature, a spectrum of 
architectural patterns including papillary, tubular, solid (eFig. 4.13), and cystic may be seen in these tumors (Fig. 
4.10A-D) (82,83,84). The most characteristic feature of HLRCC renal tumors, as initially reported by Merino et al. 
(82), is the presence of very prominent inclusion-like eosinophilic nucleolus surrounded by a perinucleolar halo 
(Fig. 4.10E). Although we have observed this feature to be consistently present in HLRCC renal tumors, the 
finding may be not uniformly present throughout the tumor (84). 


Ancillary Studies 


Immunohistochemical markers commonly used for the classification of RCC do not reveal specific staining 
pattern in HLRCC renal tumors (82). In HLRCC-associated tumors, the loss of FH gene leads to abnormal 
intracellular accumulation of fumarate. Interestingly, the increased level of fumarate in cells can react with 
cysteine sulfhydryl group of proteins to form a stable chemical modification, S-(2-succino)-cysteine (2SC), by a 
process called protein succination. Immunohistochemistry using an antibody raised against this modification has 
been shown to predict genetic alterations of FH gene in patients referred for genetic testing (85,86). 2SC 
immunostaining shows a diffuse nuclear and cytoplasmic staining pattern 
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(Fig. 4.10F) in HLRCC renal tumors, whereas it is predominantly negative in a diverse group of non-HLRCC- 
related tumors, including other highgrade RCCs mimicking the histologic features of HLRCC (84,86). Therefore, 
2SC immunohistochemistry is likely a promising marker for HLRCC tumors in the future when and if it becomes 
commercially available. At 

P.97 
present, the diagnosis of HLRCC still relies on germline testing of the FH gene, although pathologists can play 
very important role in suggesting this possibility, as many patients present without a known family history of 
HLRCC. 
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FIGURE 4.10 HLRCC-associated RCC. A: Papillary pattern in HLRCC renal tumors. B: Tubular and 
tubulopapillary growth in a desmoplastic stroma. C: Solid nest and individual cells present in areas of a HLRCC 
tumor. D: CDC-like infiltrating growth. E: The characteristic nuclear features observed in HLRCC tumors: a very 
prominent inclusion-like eosinophilic nucleolus surrounded by a perinucleolar halo. Note that this feature may not 
be uniformly apparent throughout (C,D). F: 2SC immunohistochemistry displays a nuclear and cytoplasmic 
staining pattern in a genetically confirmed HLRCC renal tumor. 
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FIGURE 4.10 (Continued) 
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FIGURE 4.10 (Continued) 


Differential Diagnosis 

Considering the architectural and nuclear features, the differential diagnosis of HLRCC renal tumors 
includes a variety of high-grade RCCs of different histologic subtypes, particularly type 2 papillary RCC; 
CDC; tubulocystic carcinoma; or high-grade RCC, unclassified. If the characteristic nuclear features are 
encountered in a core biopsy for renal mass, even only focally, HLRCC should be considered in the 
differential diagnosis. Prior history of skin or uterine smooth muscle tumor or family history of RCC and 
smooth muscle tumor would help support this suspicion. Given the aggressive behavior of these tumors and 
the potential implications regarding screening other family members, raising such a suspicion in pathology 
report is often a critical step for appropriate clinical management and genetic counseling for the family 
members. 
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RENAL CELL CARCINOMA, UNCLASSIFIED 

RCC, unclassified is a diagnosis given to renal cell tumors that do not fit into one of the established histologic 
subtypes in the current WHO classification. Features that would lead to renal tumors being put into this category 
are (a) combination of histologic features of more than one recognized entities, (b) unrecognized cell types, or (c) 
sarcomatoid morphology without identifiable epithelial component that would suggest a recognized subtype. In 
our experience, increasing number of tumors that were regarded as unclassified in the past are now being 
classified as high-grade RCCs of a known particular subtype with the aid of extensive sampling and additional 
immunohistochemical markers. However, a significant number of cases with sarcomatoid, mixed, or undefined 
architectural and cytologic features are still regarded as RCC, unclassified (Fig. 4.11A-C). With the incorporation 
of molecular testing into the clinical diagnosis of RCC, more distinct entities are now being recognized from the 
unclassified category, such as HLRCC-associated renal cancer with complex architectural patterns, succinate 
dehydrogenase B (SDHB)-associated RCC, ALK translocation RCC, etc. In practice, unclassified RCC is a 
diagnosis only used when other recognized subtypes of RCC have been excluded. 


Ancillary Studies 
Based on the histologic features, selected immunohistochemical panel should be performed to exclude distinct 
subtypes of RCC, adrenal tumors, angiomyolipoma, or secondary involvement by metastatic tumors. 


P.98 
P.99 


www.ketabpezeshki.com 66485457-66963820 


FIGURE 4.11 RCC, unclassified. A: Tumor with a mixture of clear and eosinophilic cells, mainly with papillary 
architecture, which was negative for TFE3/TFEB immunostaining. B: Tumors composed of high-grade 
eosinophilic cells in predominantly tubular and solid architectural patterns. C: Tumor composed of solid 
nests/sheet of eosinophilic cells with voluminous cytoplasm. Scattered cells show marked nuclear atypia. 
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FIGURE 4.11 (Continued) 


Differential Diagnosis 

For high-grade RCC, unclassified, the major differential diagnosis is CDC. As there are no consistent 
immunohistochemical or molecular findings to define CDC, this distinction is very difficult. CDC is typically a 
poorly differentiated adenocarcinoma with infiltrating tubular/tubulopapillary component in a desmoplastic 
stroma, whereas unclassified RCC may have any other cytoarchitectural patterns that do not appear typical 
of CDC. However, in a given case, particularly in the limited material of needle core biopsy, this distinction 


may be extremely difficult to make. 
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5 
Benign Renal Epithelial Tumors 


Ying-Bei Chen 


With the increased detection of small renal masses by modern imaging modalities, renal needle biopsy has been 
increasingly used to distinguish benign renal epithelial neoplasms from malignant tumors and to guide clinical 
management. Data from surgical series suggest that about 2096 of the resected renal tumors are benign, and this 
proportion is even higher among tumors smaller than 4 cm (1,2,3,4). For these patients, and particularly those 
with impaired renal function or comorbidities, renal needle biopsy is an essential approach to avoid unnecessary 
surgeries and improve overall outcomes. This chapter primarily focuses on the diagnosis of benign renal 
epithelial tumors of renal cell origin. 


RENAL ONCOCYTOMA 


Renal oncocytoma comprises approximately 5% of renal epithelial neoplasms and is a frequent consideration in 
the differential diagnosis on renal core biopsies. Most renal oncocytomas occur sporadically and affect adult 
patients with a wide age range. Male gender predilection (M:F = 2:1) is often observed. Histologically, renal 
oncocytoma is predominantly composed of oncocytes, cells with densely eosinophilic, granular cytoplasm and 
small, round nuclei. Compared with other renal tumors with oncocytic cells, the key nuclear features of 
oncocytoma are the uniformly smooth nuclear contour; evenly dispersed granular chromatin; and frequently, a 
centrally located small to prominent nucleolus (Figs. 5.1 and 5.2). Architecturally, tumor cells mainly form solid 
nests, tubules, and micro- and macro-cysts, in a loose, hypocellular, and hyalinized or myxoid stroma (Fig. 5.3). 
Cytoplasmic clearing should be restricted only to the areas of scarring in oncocytomas. A proportion of tumors 
contain areas of small cells with scant cytoplasm and hyperchromatic nuclei, so-called oncoblasts (Fig. 5.4). 
Scattered foci of tumor cells may have large, pleomorphic and hyperchromatic nuclei with dense, smudgy 
chromatin (Fig. 5.5). This type of atypia is believed to be degenerative in nature and should not be considered as 
worrisome features in an otherwise typical oncocytoma. By contrast, necrosis and atypical mitoses are 

P.106 
findings against a diagnosis of oncocytoma. The mitotic activity in renal oncocytoma is usually very low, only rare 
mitotic figures are allowed. Similarly, conspicuous papillary formations are not compatible with renal 
oncocytomas, but small papillae, pseudopapillae, and intratubular/intracystic epithelial tufts can be occasionally 
seen in some oncocytomas (5,6). Importantly, 

P.107 
renal oncocytomas occasionally demonstrate perinephric fat involvement (72096) and vascular invasion (5%), 
and these atypical features have not been associated with malignant behavior and thus are acceptable for the 
diagnosis. Other features that can rarely be found in renal oncocytomas include calcifications, osseous or 
myeloid metaplasia. 
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FIGURE 5.1 Renal oncocytoma typically is composed of solid nests of cells with oncocytic cytoplasm and 
uniform nuclei that lack nuclear membrane irregularity. 
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FIGURE 5.2 Centrally located small to conspicuous nucleoli in renal oncocytoma. 
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FIGURE 5.3 Tumor nests or tubules are often in a loose and hypocellular stroma that shows hyalinization or 


myxoid changes. 
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FIGURE 5.4 Renal oncocytomas occasionally contain oncoblasts, small cells with scant cytoplasm and 
hyperchromatic nuclei. 
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FIGURE 5.5 Scattered cells with large, pleomorphic, and hyperchromatic nuclei but dense, smudgy chromatin in 
renal oncocytomas. 


Although renal oncocytomas in surgical series are predominantly unilateral, they have been found to be bilateral 
and multifocal in approximately 596 to 1096 of patients (6,7). Renal oncocytosis refers to a rare condition in which 
patients develop multiple oncocytic tumors in addition to numerous oncocytic nodules (Fig. 5.6) and other 
oncooytic changes in 

P.109 
the adjacent nonneoplastic renal parenchyma that can range from infiltrative growth of oncocytic renal tubules, 
oncocytic cortical cysts, to diffuse oncocytic changes in renal tubules (8). In a recently reported exceptional case, 
renal oncocytosis was diagnosed based on changes found in a renal core biopsy (9). In reported series of renal 
oncocytosis, the dominant tumor(s) most often resembled an oncocytoma, but it could also be a chromophobe 
renal cell carcinoma (RCC) or a hybrid tumor (8,10,11). Some cases of renal oncocytosis have been linked to 
Birt-Hogg-Dubé (BHD) syndrome, but sporadic cases without a demonstrable link to a hereditary condition have 
also been found. The renal tumors identified in BHD patients most often are hybrid tumors with admixed areas 
reminiscent of chromophobe RCC or oncocytoma (Fig. 5.7), followed by chromophobe RCC, clear cell RCC, 
oncocytoma, and very rarely papillary RCC (12). Limited evidences in renal oncocytosis not associated with BHD 
syndrome suggest that these oncocytic tumors may be distinct and do not represent a stage of morphologic 
progression between oncocytoma and chromophobe RCC (11,13,14). 
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FIGURE 5.6 Multiple or numerous small oncocytic nodules (arrows) are often seen in patients with renal 
oncocytosis. 


Ancillary Studies 


Renal oncocytomas typically show immunoreactivity to CD117 (Fig. 5.8), Ksp-cadherin, and parvalbumin and are 
also positive for PAX8 in 85% to 90% of cases (15,16). CK7 usually shows immunopositivity in scattered 
individual or small clusters of cells (Fig. 5.9). However, in areas near a scar, tumor cells can be diffusely positive 
for CK7. Diffuse CK7 positivity in such areas can lead to misinterpretation as a non-oncocytoma tumor, 
particularly on needle core biopsies, and merits careful evaluation of other elements in the biopsy. By electron 
microscopy examination, the cytoplasm of oncocytoma cells is packed with mitochondria, mostly with lamellar 
cristae (17). Cytogenetically, oncocytomas can harbor a range of abnormalities such as a partial or complete loss 
of chromosomes 1 and Y, loss of 14, or rearrangement involving 11q13; or have normal karyotype. Molecularly, 
mutations of mitochondrial DNA (mtDNA) have been identified in renal oncocytoma, which lead to respiratory 
chain complex | deficiency, a special feature that may contribute to the tumorigenesis of renal oncocytoma 
(18,19). 


Differential Diagnosis 


The main differential diagnostic considerations for renal oncocytoma are the eosinophilic variant of 
chromophobe RCC and low-grade oncocytic unclassified RCC. The approach for distinguishing these 
tumors from oncocytoma is also discussed in Chapters 2 and 3. Whereas chromophobe RCC displays 
nuclear membrane irregularities and perinuclear halos, oncocytoma cells have smooth nuclear contours and 
evenly dispersed granular chromatin and are rather uniform in nuclear shape. Low-grade oncocytic 
unclassified RCC often contains cells that have nuclear contour irregularities but lack perinuclear halos 
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even after careful 

P.110 
histologic examination (Fig. 5.10). Although some of these tumors may histologically mimic areas of the 
hybrid tumors described in BHD syndrome, the significance of these histologic features in a sporadic setting 
remains unknown. Additionally, other emerging entities such as succinate dehydrogenase (SDH)-deficient 
renal carcinoma may also exhibit features focally mimicking oncocytoma (20). Caution needs to be taken 

SI 
when using CK?7 in the differential diagnosis of oncocytoma. Focal or negative CK7 immunoreactivity may 
be seen in all of these tumors in the differential diagnosis of oncocytoma, although diffuse CK7 positivity will 
favor a diagnosis of chromophobe RCC. Because of the limited sampling in biopsy material, a diagnosis 
such as “low-grade oncocytic renal 

P312 
cortical neoplasm’ with statements like “favor oncocytoma" or “cannot exclude ... " may be necessary and 
is often appropriate for guiding the clinical management. 
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FIGURE 5.7 Chromophobe-like area (A) and oncocytoma-like area (B) in a hybrid tumor resected from a 
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patient with BHD syndrome. 


FIGURE 5.8 Diffuse, membranous/cytoplasmic immunostaining of CD117 (c-Kit) in a renal oncocytoma. 
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FIGURE 5.9 CK7 typically shows positive staining in scattered cells in oncocytomas. 
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FIGURE 5.10 Low-grade oncocytic unclassified RCC often shows nuclear contour irregularities but lacks 
perinuclear halos. 


PAPILLARY ADENOMA OF THE KIDNEY 


Papillary adenomas are small epithelial proliferations in papillary, tubular, or tubulopapillary configurations. By 
definition, the size of these tumors is less than or equal to 5 mm in diameter. The incidence of papillary adenoma 
is estimated to be up to 4096 based on autopsy studies, and they are often encountered as incidental findings in 
resection specimens for concurrent renal neoplasms or lesions. Because of the definitional small size (5 mm), 
needle core biopsy of papillary adenomas is next to nonexistent. Therefore, if identified on a core biopsy, 
papillary adenoma is almost always an incidental finding on needle cores performed for other indications. 
Papillary adenomas do not show a capsule and are in direct contact with surrounding renal parenchyma. The 
vast majority of them resemble type 1 papillary RCC, comprising a single layer of amphophilic/basophilic cells 
with low-grade nuclei (Fig. 5.11). Foam cells and calcification may be present. Rare lesions may display more 
abundant eosinophilic cytoplasm and have nuclei with prominent nucleoli. It is somewhat controversial whether 
tumors with higher nuclear grade should be considered as papillary adenoma. Although focal cytoplasmic 
clearing may be present in some papillary adenomas, epithelial lesions with clear cell RCC-like 

P113 


architectural and cytologic features should not be considered as adenomas even if their diameter is less than 5 
mm. 
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FIGURE 5.11 Most renal papillary adenomas resemble type 1 papillary RCC cytologically. 


Ancillary Studies 

Papillary adenoma exhibits similar immunoprofile as papillary RCC. They are typically positive for CK7 and 
AMACR, whereas CD10 shows a luminal or cytoplasmic staining pattern. Papillary adenoma has been postulated 
as a precursor lesion for papillary RCC as it often harbors gains of chromosomes 7 and 17 and loss of Y 
chromosome, similar to the latter (21,22). However, clear evidence suggesting a progression from papillary 
adenoma to papillary RCC is lacking. 


Differential Diagnosis 

The distinction from papillary RCC solely relies on the 0.5 cm size criterion. As renal masses targeted by 
needle core biopsy are commonly larger in size, papillary adenoma identified in a core biopsy often does not 
represent the mass of interest. Additionally, a well-formed capsule seen between tumor and renal 
parenchyma also favors a papillary RCC over papillary adenoma. 


METANEPHRIC ADENOMA 
Another type of benign renal epithelial neoplasms occasionally encountered in needle biopsies is metanephric 
adenoma. These tumors are composed of small primitive cells resembling metanephric tubular 


differentiation in the early embryonic development (Fig. 5.12) and occur in patients with a broad age range. This 
tumor, and other related entities, is discussed in more detail with pediatric renal tumors in Chapter 12. In the 
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adult population, metanephric adenoma is an important differential diagnosis of type 1 papillary RCC with 
predominantly tubular architecture. 


FIGURE 5.12 Metanephric adenoma consists of small cells with scant cytoplasm and uniform nuclei. 
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6 
Renal Mesenchymal and Mixed Mesenchymal-Epithelial Tumors 


Ying-Bei Chen 


ANGIOMYOLIPOMA 


The classical renal angiomyolipoma (AML) is a benign mesenchymal tumor comprising variable amount of fat, 
smooth muscle cells, and abnormal thick-walled vessels. These tumors are believed to arise from perivascular 
epithelioid cell (PEC), similar to other PEC-related tumors such as lymphangioleiomyomatosis, clear cell “sugar” 
tumors of lung, and PEComas of other organ sites. The morphologic variants of AML described in the literature 
have included epithelioid, fat-predominant, smooth muscle-dominant, oncocytic, AML with epithelial cysts 
(AMLEC), and sclerosing types. The contemporary imaging technologies can readily recognize AMLs when they 
contain a significant amount of fat. However, AMLs with little fat or other uncommon features closely mimic renal 
epithelial neoplasms on radiology studies, which often lead to a surgical resection or renal needle core biopsy. 


Because of the limited sampling, the classical triphasic appearance of AMLs may be lacking in core biopsies. 
Thus, any intermingled presence of scattered mature adipose tissue or rare adipocytes together with fascicles of 
spindle cells (Fig. 6.1) or sheets of epithelioid cells (Fig. 6.2) should raise a suspicion for this diagnosis. 
Moreover, it is not uncommon that adipocytes may be entirely absent in some AMLs such as those with 
predominantly leiomyomatous differentiation, epithelioid AMLs, or AMLECs. One of the main challenges of 
diagnosing AML in core biopsies is to recognize the broad range of histologic features that the spindle or 
epithelioid cells display in these tumors. Often, the cells have eosinophilic to somewhat clear cytoplasm, with a 
fibrillary and/or granular quality (Fig. 6.3). Others may be difficult to distinguish from typical smooth muscle cells 
(Fig. 6.4). Epithelioid AMLs are often composed of sheets of large round or polygonal cells with abundant 
eosinophilic, granular or vacuolated cytoplasm, and enlarged vesicular nuclei that often show prominent nucleoli. 
In core biopsies, this appearance closely mimics malignant epithelial cells with marked 

PAT? 
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cytologic atypia and nuclear pleomorphism (Fig. 6.5). Multinucleation and ganglion-like cells may also be present 
(Fig. 6.6). Mitoses are common, rare atypical mitoses may also be observed. On the other extreme of the 
spectrum, a predominantly lipomatous AML often only shows focal spindle cell proliferation (Fig. 6.7). 
Immunohistochemistry (IHC) is very helpful for establishing the definitive diagnosis in AMLs with uncommon 
features. 
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FIGURE 6.1 AML in a core biopsy shows intermingled adipocytes and spindle cells. 


66485457-66963820 


www.ketabpezeshki.com 


FIGURE 6.2 AML with sheets of epithelioid cells. A focus of entrapped renal tubules is present. 
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FIGURE 6.3 Spindle and epithelioid cells in a typical AML. 
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FIGURE 6.4 Smooth muscle differentiation in AML. 
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FIGURE 6.5 Marked nuclear atypia and pleomorphism in an epithelioid AML. 
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FIGURE 6.7 Focal epithelioid and spindle cell proliferation in a fat-predominant AML. These cells show 
immunoreactivity to HMB-45. 


Dysmorphic vessels such as those with thickened and hyalinized wall may occasionally present in a core biopsy 
and serve as a very helpful clue. Smooth muscle cells often appear to originate from such vessels (Fig. 6.8). In 
the rare variant of sclerosing AML, cords or sheets of cytologically uniform and bland epithelioid cells are often 
arranged around these vessels in a densely sclerotic stroma (Fig. 6.9). 
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FIGURE 6.9 Sclerosing AML. 


AMLEC is another rare variant of AML in which there are epithelial cysts lined by cuboidal to “hobnailed” cells 
(1). Often a “cambiuntlike” subepithelial layer of cellular, müllerian-like stroma with prominent admixed chronic 
inflammation is found underneath the epithelium, whereas the more typical AML with associated dysmorphic 
blood vessels is further exterior to these components (Fig. 6.10). It remains unclear whether the epithelial cysts 
in AMLEC represent entrapped renal tubules (2) or are an integral component of the tumor. 


Although the vast majority of AMLs are considered benign tumors, some epithelioid AMLs have been reported to 
develop metastasis or recurrence. The overall incidence of metastasis among all cases of epithelioid AMLs is 
somewhat difficult to determine because of their rarity and the variable criteria used to define this variant. The 
reported rates have varied from near 50% in some consultation cohorts to about 5% in other primary resection 
cohorts (3,4,5,6). Some reported series have used at least 50% to 80% of epithelioid cells as the requirement to 
designate as epithelioid AML, and the reported adverse prognostic pathologic indicators include pure epithelioid 
histology, large tumor size (>7 cm), perirenal tumor extension, frequent mitoses (>2/10 high-power fields) and 
necrosis, etc. 


Ancillary Studies 
AMLs often coexpress melanocytic markers such as HMB-45, Melan-A (MART-1), MiTF, tyrosinase, and smooth 
muscle markers including smooth muscle actin, caldesmon and calponin, etc. Recently, cathepsin K has been 
found to be a very sensitive marker for AML (7). AMLs are usually negative 

P122 
for epithelial markers (cytokeratin, EMA/MUC1), except in epithelial cysts seen in AMLEC. However, the 
expression of melanocytic markers may be limited to one of the markers in a given tumor and the 
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immunoreactivity can be focal and/or weak (Fig. 6.11). The subepithelial stroma in AMLEC is often positive for 
estrogen receptor (ER), progesterone receptor (PR), and CD10, whereas the epithelial cysts express PAX8 
(eFig. 6.1). 


FIGURE 6.10 AMLEC shows hobnailed epithelial cystic lining (arrowheads), a *cambium-like" subepithelial layer 
of müllerian-like stroma (black arrows), and a muscle-predominant AML component with associated dysmorphic 
blood vessels (white arrow). 


Differential Diagnosis 
The consideration of differential diagnosis for AMLs varies depending on the histologic features in a given 
case. For fat-predominant AML, the differential diagnosis is mainly liposarcomas in the retroperitoneum 
surrounding the kidney. These tumors lack the characteristic dysmorphic blood vessels of AMLs or a true 
smooth muscle component and are negative for melanocytic markers (HMB-45, Melan-A, or MiTF). 
Meanwhile, they typically show immunoreactivity for MDM2 and CDK4. Smooth muscle-predominant AMLs 
can closely resemble leiomyoma or leiomyosarcoma. However, primary smooth muscle tumors are very rare 
in the kidney; it is prudent to exclude AML before considering these entities in a renal core biopsy. 
Leiomyoma or leiomyosarcoma does not harbor intratumoral fat or dysmorphic vessels and are also 
negative for melanocytic markers. AMLEC mimics some other cystic renal masses such as mixed epithelial 
and stromal tumor (MEST) and primary synovial sarcoma (see later). 
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FIGURE 6.11 HMB-45 immunostain highlights some spindle cells in an AMLEC. 


Given its sheet-like architectural pattern and marked cytologic atypia, the differential diagnosis of epithelioid 


AMLs is distinct from other AMLs. Most commonly, epithelioid AMLs are mistaken as high-grade renal cell 
carcinoma (RCC), such as clear cell RCC because of the clear cytoplasm seen in some tumor cells, the 


sheet-like solid growth pattern, and the marked nuclear atypia that are also common in high-grade clear cell 
RCC (eFig. 6.2). Chromophobe RCC focally may contain multinucleated cells similar to those in epithelioid 


AML, but the nuclear membrane irregularity and perinuclear halo should be apparent in other tumor cells. 
Immunostaining for PAX8, EMA, and cytokeratins are usually positive for RCC, whereas the melanocytic 
markers are usually negative except in some TFEB/TFE3 translocation-associated RCCs. Interestingly, 

there is also a small subset of AMLs harboring TFE3 translocation. These tumors have been reported to 


have predominantly alveolar architecture and epithelioid cytology, with minimal expression of muscle 


markers and strong (3+) TFE3 immunoreactivity (8). Metastatic melanoma is another entity often needs to 
be distinguished from epithelioid AMLs. Although HMB-45 is not useful for this distinction, S100 is generally 


negative in AMLs but positive in melanoma. 


CYSTIC NEPHROMA/MIXED EPITHELIAL AND STROMAL TUMOR 


Cystic nephroma (CN) and MEST are benign mixed mesenchymal and epithelial neoplasms of the kidney. Both 


tumors are typically located close to renal hilum and pelvis. Classic CN is entirely cystic, and the cyst 


septae should lack any solid expansile areas or mural nodules; the cysts are lined by a single layer of flat, 


cuboid, or hobnail epithelial cells. MEST is a biphasic tumor with solid and cystic areas and usually 
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demonstrates a complex architecture and variable cellularity. In adult population, both tumors show a marked 
female preponderance (F:M = 5:1 to 8:1). Steroid hormones have been suggested to play a role in genesis and 
evolution of these tumors: Female patients often have history of long-term estrogen replacement, whereas most 
male patients have long-term sex steroid exposure. The stroma in both tumors can show variable histologic 
features such as hypocellular and edematous, dense fibrotic, hypercellular spindle cells, or smooth muscle type 
(Fig. 6.12). Fat, calcifications, or foamy histiocytes are occasionally present. The distinction between CN and 
MEST in some cases can be difficult and is more or less arbitrary. Presence of at least a 5 mm solid component 
in a tumor has been considered sufficient for the designation as MEST by some (9). Prominent ovarian-type 
stroma, smaller glands, complex branching glands, phyllodes gland pattern, and stromal luteinization are more 
commonly seen in MEST (eFig. 6.3), whereas urothelial-like or clear cell lining is relatively uncommon in CN. 
Although many believe that CN and MEST represent a spectrum of the same lesion, this issue has not been 
firmly settled in the current classification scheme (10). Rare cases of malignant MEST have been reported in 
which malignant stromal components in the forms of spindle cell not otherwise specified (NOS), 
rhabdomyosarcoma, or chondrosarcoma were present (11,12,13). 


FIGURE 6.12 Mixed epithelial and stromal tumor with fibrotic stroma and glandular proliferation. 


NE TIS 
Ancillary Studies 


The stromal cells are often positive for ER, PR, and less commonly for inhibin and calretinin. The epithelial 
elements are reactive to PAX8 or PAX2. 
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Differential Diagnosis 

The differential diagnosis mainly includes other cystic renal tumors. CN and predominantly cystic MEST 
need to be distinguished from multilocular cystic RCC and tubulocystic carcinoma. In multilocular cystic 
RCC, clusters of clear cells are always present in the septae. There is no cellular or ovarian-type stroma or 
stromal immunoreactivity to ER and PR. The epithelial lining in tubulocystic carcinoma display high-grade 
nuclear features, and the stroma usually is dense and desmoplastic. The spindle or epithelioid cells in the 
stromal component of AMLEC shows positivity for melanocytic markers. 


CN in the pediatric age group is an entirely distinct entity from the adult tumors; it is considered to be a fully 
differentiated nephroblastoma or Wilms tumor and needs to be separated from cystic partially differentiated 
nephroblastoma (CPDN). Mesoblastic nephroma and metanephric adenofibroma may mimic solid MEST. 
These tumors mostly occur in pediatric population and are discussed in Chapter 12. 


SYNOVIAL SARCOMA 

Primary synovial sarcoma (SS) of the kidney is rare. Similar to SS occurring at soft tissue and other organ sites, 
renal SS is characterized by a t(X;18)(p11;q11) in which the gene SS78 fuses with either SSX1 or SSX2. 
Interestingly, primary renal SS reported in the literature has been predominantly the monophasic type, including 
all tumors in the two largest series described so far (14,15). Moreover, SS18-SSX2 fusions account for more 
renal SS cases than SS18-SSX1 fusions, which is a distinct finding from the fusion types identified in soft tissue 
SS in general. Nonetheless, this morphology and molecular association observed in renal SS is consistent with 
the correlations identified in SS previously that biphasic SS typically harbors SS18-SSX1 fusion, whereas SS 
with SS18-SSX2 fusion usually lacks glandular differentiation (monophasic) (16). Histologically, renal SS 
displays a monophasic, hypercellular spindle cell histology, comprising short interlacing fascicles of 
monomorphic, plump cells with hyperchromatic, ovoid to fusiform nuclei, and scant cytoplasm (Fig. 6.13, eFigs. 
6.4 and 6.5). Mitoses and necrosis are commonly present. Entrapped intratumoral cysts are frequently found in 
renal SS. These cysts are typically simple cysts lined by mitotically inactive “hobnailed” cells, which express 
PAX8 and do not label for TLE1, consist with an origin of entrapped renal tubules rather than being a glandular 
component of SS (2,15). 
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FIGURE 6.13 A monophasic renal synovial sarcoma with monomorphic, hyperchromatic spindle cell proliferation 
and entrapped cysts lined by mitotically inactive "hobnailed" cells. 


Ancillary Studies 

By IHC, many cases of renal SS are either completely negative or only focally positive for cytokeratins or EMA. 
They frequently show diffuse nuclear expression of TLE1 (17) and usually are positive for BCL-2, CD99, and 
vimentin while negative for CD34 and muscle markers. Fluorescence in situ hybridization (FISH) assay for SS78 
gene rearrangement and reverse transcription polymerase chain reaction (RT-PCR) tests to detect specific 
fusion products serve as more definitive ancillary studies to establish this diagnosis. 


Differential Diagnosis 

The main differential diagnosis includes sarcomatoid RCC, solitary fibrous tumor, primitive neuroectodermal 
tumor (PNET), or other renal cystic mass with stromal proliferation such as AMLEC or malignant MEST. IHC 
in combination with molecular tests can aid in the differentiation of SS from these mimics. 


SOLITARY FIBROUS TUMOR 


Solitary fibrous tumors (SFTs) arising from the kidney are rare mesenchymal tumors of this site, only described 
as case reports in the literature. Patients with renal SFTs can present with hematuria, flank pain, or be 
asymptomatic. Intermittent hypoglycemia due to aberrant production of 


high molecular weight insulin-like factor may occur in some cases (18). Similar to SFTs of other sites, these 
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tumors usually are well-circumscribed masses composed of fusiform or ovoid spindle cells in a haphazard growth 
pattern among a variable amount of dense, ropy collagens (Fig. 6.14, eFig. 6.6). Malignant SFTs of the kidney 
have also been reported (19,20), and their histologic features are comparable to malignant SFT of other sites. 


Ancillary Studies 


Renal SFTs are usually positive for CD34, CD99, and BCL-2. Recently, SFTs have been found to carry 
recurrent NAB2-STAT6 gene fusions (21). Nuclear expression of STAT6 (Fig. 6.15) by IHC appear to be a very 
helpful marker for distinguishing SFTs from other mesenchymal tumors (22). 


Differential Diagnosis 


Histologic mimics of renal SFTs, particularly the malignant ones, include SS, dedifferentiated liposarcoma, 
leiomyosarcoma, PNET, etc. In core biopsies, aside from histologic features, IHC and additional FISH or 
molecular tests play a very important role in establishing the specific diagnosis. 


MISCELLANEOUS RENAL MESENCHYMAL TUMORS 


Other mesenchymal tumors that may be rarely encountered in renal needle core biopsies include 
leiomyosarcoma, angiosarcoma, glomus tumors 

P.128 
(Fig. 6.16, eFig. 6.7), inflammatory myofibroblastic tumor, other benign mesenchymal tumors (e.g., leiomyoma 
and schwannoma), and sarcomas, including metastatic sarcomas. The diagnostic criteria used in renal core 
biopsy interpretation are similar to what are used for these entities in other organ sites. 
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FIGURE 6.14 Renal solitary fibrous tumor. 


FIGURE 6.15 STAT6 immunostaining of solitary fibrous tumor in a renal core biopsy. 
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FIGURE 6.16 Glomus tumor composed of small round or ovoid cells arranged in a loose myxoid background. 
Some cells show close relationship with vasculatures. 
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7 
Miscellaneous Tumors and Tumorlike Conditions 


Ying-Bei Chen 


RENAL CARCINOID TUMOR 


Fewer than 100 cases of renal carcinoid tumor, a primary well-differentiated neuroendocrine neoplasm of the 
kidney, have been reported in literature (1,2,3,4,5,6,7,8). Although exceedingly rare, among the genitourinary 
organs, kidney is the second most common site for primary carcinoid tumors in both sexes after the gonads. 
About half of the patients are younger than 50 years of age at presentation. Females and males are equally 
affected. The presenting symptoms are usually back or flank pain, hematuria, or enlarging abdominal mass. 
Clinical signs or symptoms of carcinoid syndrome are very uncommon. Up to 20% of primary renal carcinoids 
arise in association with “horseshoe” kidneys (3). Rare tumor has also been reported to arise in renal teratoma 
or “teratoid tumors,” both being extremely uncommon tumors in the kidney (8). Extension of the tumors into the 
perinephric or renal pelvic fat is not uncommon. Regional lymph node or distant (e.g., liver, bone, lung) 
metastasis has been documented in more than one-third of the tumors. However, most patients with metastasis 
have protracted clinical course, with only rare reported death from the disease. Surgery remains the main 
treatment approach. The role of adjuvant chemotherapies or targeted therapies is still uncertain. 


Renal carcinoid tumor is an exceptionally rare diagnosis rendered in kidney needle biopsies (9); however, it 
remains an important differential diagnostic consideration when tumors with neuroendocrine differentiation are 
encountered at this site. Morphologically, renal carcinoids are similar to carcinoid tumors at other sites. If present 
on a core biopsy, the junction of carcinoids and adjacent renal parenchyma is usually sharply defined (Fig. 7.1). 
The most commonly described architectural pattern is tightly packed cords and trabeculae with ribbonlike 
appearance (Figs. 7.2 and 7.3). Other growth patterns include solid sheets, solid nests, and the presence of 
gland-like lumina (Fig. 7.4). It is common to see a combination of architectural patterns within a tumor. 
Intervening stroma may vary from minimal to prominent with dense fibrotic bands. 
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FIGURE 7.1 Renal carcinoid tumor often shows a sharp demarcation from the adjacent renal parenchyma. 


Like other well-differentiated neuroendocrine tumors, tumor cells are usually uniform and contain round or 
elongated nuclei with finely granular chromatin (“salt and pepper” appearance) and inconspicuous nucleoli. The 
nuclei are often situated perpendicular to the long axis of the cords or trabeculae. Focal, mild to moderate 
nuclear pleomorphism is 

occasionally present. Calcifications, either focal or involving relatively large areas of the tumor, may be present in 
some cases. Rarely, metaplastic bone may be seen. Hemorrhage and cyst formation are also present in some 
cases. However, necrosis is extremely uncommon. Most renal carcinoid tumors exhibit less than 2 mitoses per 10 
high-power fields (HPFs), but tumors can 

rarely show 3 to 4 mitoses per 10 HPFs (Fig. 7.5). The relationship between renal carcinoid tumors and other 
rare cases of primary neuroendocrine tumors of kidney with high mitotic activity, such as small cell carcinoma 
and large cell neuroendocrine carcinoma, remains unclear. 
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FIGURE 7.2 Ribbonlike tightly packed cords commonly seen in renal carcinoid tumor. 
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FIGURE 7.3 Anastomosing trabeculae in renal carcinoid tumor. 
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-like lumina. 


FIGURE 7.4 Carcinoid tumor with solid nests and gland 
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FIGURE 7.5 Carcinoid tumors can occasionally display increased mitotic activity. 


Ancillary Studies 


Most of the renal carcinoids are positive for one or more neuroendocrine markers (synaptophysin, chromogranin, 
or CD56) (Fig. 7.6). Tumor cells also show variable reactivity to cytokeratins; Cam5.2 has the highest reported 
positivity at about 90% (1). In contrast to renal epithelial tumors, renal carcinoid tumors were found to be 
negative for PAX2 or PAX8 in a recent study (2). Whether this finding suggests a nonnephrogenic origin for renal 
carcinoids remains to be determined. It has also been recognized recently that some renal carcinoids show 
immunoreactivity to CD99, a feature that could lead to misdiagnosis of primitive neuroectodermal tumor (PNET) 
(2). Expression of TTF-1 has not been reported in renal carcinoids. 


Differential Diagnosis 


The differential diagnosis of primary renal carcinoid tumor mainly includes metastatic carcinoid tumors from 
other organ sites (lung, gastrointestinal [GI] tract, etc.) as well as other tumors with neuroendocrine features 
such as small cell carcinoma, PNET, or paraganglioma. It is noteworthy that chromophobe renal cell 
carcinoma (RCC) occasionally can contain areas morphologically mimicking a well-differentiated 


(Fig. 7.7), which may lead to a misinterpretation as a renal carcinoid tumor on a core biopsy. However in 
contrast to carcinoids, these areas in chromophobe RCC are negative for neuroendocrine markers. 
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FIGURE 7.6 Strong immunoreactivity to synaptophysin often seen in renal carcinoids. 


The recognition of metastatic carcinoids relies mainly on clinical history. Metastatic carcinoids are also more 
likely to be multiple and are 

often associated with lymphovascular tumor emboli. Small cell carcinoma demonstrates brisk mitotic activity, 
nuclear molding, and usually lacks the typical organized architectural patterns seen in carcinoids. PNET 
usually affects children and adolescents, although it may occur in adults. Given the reported CD99 positivity 
in renal carcinoids, histologic features and fluorescence in situ hybridization (FISH) testing of EWSR1 
rearrangements would be very important to distinguish the two entities (see following discussion). 
Paraganglioma is also extremely rare in kidney. Tumor cells often have abundant granular cytoplasm, show 
nested growth pattern, and are surrounded by S100-positive sustentacular cells. 
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FIGURE 7.7 Chromophobe RCC may contain focal areas mimicking carcinoids (left). Note the adjacent area 


exhibiting features typical of chromophobe (right). 


PRIMITIVE NEUROECTODERMAL TUMORS 


PNET is a rare entity in the kidney. Similar to its counterparts occurring in soft tissue and other sites, it is 


composed of monotonous, small, round primitive cells and characterized in almost all cases by recurrent 


translocations involving the EWSR1 gene on chromosome 22 and a member of the ETS family of transcription 


factors. These tumors typically infiltrate the surrounding renal parenchyma in broad sheets or finger-like 


projections (10). Most cases are composed of uniform small round cells with fine chromatin and scanty cytoplasm 


in a vaguely lobulated pattern (Fig. 7.8). Occasionally, histologic features suggesting neuroectodermal 


differentiation such as the formation of pseudorosettes can be found in some cases. High mitotic activity and 


necrotic areas are commonly present. 
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FIGURE 7.8 PNET detected in a core biopsy. 
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FIGURE 7.9 PNET shows diffuse membranous staining of CD99. 


Ancillary Studies 

The vast majority of PNETs show strong and diffuse membranous immunoreactivity for CD99 (Fig. 7.9). Many 
cases, but not all, also display FLI-1 nuclear positivity. However, neither marker is entirely specific for the entity. 
For example, CD99 positivity can be seen in leukemic infiltration of soft tissues or extranodal lymphoma, 
therefore caution needs to be exercised when using these markers in core needle biopsies. Some PNETs can 
exhibit focal positivity for cytokeratins, but they are usually negative for desmin, skeletal muscle markers, and 
WT 1. About 85% of all Ewing sarcoma/PNET harbor a somatic reciprocal chromosomal translocation, t(11;22) 
(q24;q12), that fuses EWSR7 to FLI1. Most of the remaining cases have alternative translocations between 
EWRS7 and other ETS family members (e.g., ERG, ETV1, etc.). FISH testing of EWSR7 rearrangements thus is 
a very helpful ancillary tool to confirm the diagnosis of PNET. 


Differential Diagnosis 


Renal PNETs need to be distinguished from other “round cell" tumors of the kidney, including blastema- 
predominant Wilms tumor, neuroblastoma, synovial sarcoma, desmoplastic round cell tumor, small cell 
carcinoma, lymphoma, or myeloid sarcoma. A combination of immunohistochemical and molecular studies 
usually can help establish a definitive diagnosis. 
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JUXTAGLOMERULAR CELL TUMOR (RENINOMA) 


Juxtaglomerular cell tumor (JGCT) is a rare renin-secreting renal tumor that arises from juxtaglomerular 
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apparatus (11,12,13,14,15). It usually occurs in young adults, with peak incidence in the second or third decades 
of life. But the reported age has ranged from 6 to older than 80 years old. It is seen more often in females than 
males (1.5:1 to 2:1). The characteristic clinical presentation is severe hypertension that shows minimal response 
to medical treatment. Patients often also have hyperaldosteronism and hyperkalemia, secondary to the high 
renin level. Surgical excision results in normalization of blood pressure in most cases, but some patients may 
remain hypertensive due to secondary angiopathy caused by the tumor and progress to renal failure. JGCT in 
general has been considered as a benign tumor. However, rare reported cases had metastasis to the lung (11). 


Needle aspiration biopsies have been reported to show low sensitivity for JGCT (16). Often presenting as a 
unilateral, well-circumscribed tumor, its morphologic features can be highly variable. The typical tumor shows 
sheets of round or polygonal cells with central round nuclei containing inconspicuous nucleoli, clear to pale 
eosinophilic cytoplasm, and relatively distinct cell borders (Fig. 7.10). However, the tumor can also show spindle 
cells with indistinct cell borders that are present in sheets or irregular cords. Tumors usually exhibit a complex 
vascular pattern that mimic hemangiopericytoma (Fig. 7.11). Thickwalled hyalinized blood vessels are also 
common. Stromal component 

P.139 
ranges from scant to abundant, often with hyalinization or myxoid change. Dispersed lymphocytic infiltrates are 
also present. Entrapped renal tubules can be seen within some tumors; not uncommonly they appear to be 
hyperplastic and show papillary configuration (Figs. 7.12 and 7.13). 


FIGURE 7.10 Juxtaglomerular cell tumor. 
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FIGURE 7.13 Entrapped hyperplastic renal epithelium exhibits a papillary configuration. 


Ancillary Studies 

Although diffuse immunoreactivity to renin is characteristic for JGCT, the antibody is not available in many 
laboratories. Instead, a panel of routine immunostains is commonly used to help distinguishing JGCT from other 
renal tumors. The tumor cells are diffusely positive for CD34, and vimentin, while showing variable reactivity to 
smooth muscle actin. One study also demonstrated focal immunoreactivity for CD117 (13). The tumors are 
usually negative for cytokeratins, neuroendocrine markers, and HMB-45. However, the entrapped renal tubules 
will be positive for cytokeratin. Electron microscopy will reveal typical rhomboid-shaped renin protogranules in 
the cytoplasm. Molecularly, limited studies suggest that losses of chromosomes 9 and 11 might be recurrent 
genetic events in these tumors (17,18). 


Differential Diagnosis 

The top differential diagnosis for JGCT includes glomus tumor and solitary fibrous tumor. Glomus tumors 
histologically can closely resemble JGCT, but they typically are negative or only focally positive for CD34, 
while express smooth muscle actin or h-caldesmon and have abundant pericellular production of type IV 
collagen. The vascular pattern and occasional prominent spindle cell component in JGCT may lead to a 
consideration of solitary fibrous tumor (SFT). Although SFT is generally positive for CD34, it is negative for 
renin and also shows reactivity to Bcl-2 and CD99. Rarely, when entrapped renal tubules display prominent 
hyperplasia, JGCT might be misinterpreted as a renal epithelial neoplasm such as papillary RCC (Fig. 
7.13), particularly on a limited sampling. 


www.ketabpezeshki.com 66485457-66963820 


P.141 
RENOMEDULLARY INTERSTITIAL CELL TUMOR 


Renomedullary interstitial cell tumor (RMICT), also known as medullary fibroma, is a benign renal neoplasm 
arising from renomedullary interstitial cells (19). They are among the most frequently found kidney tumors in 
adult autopsy series with incidences at 16% to 42%, but clinical detection of RMICT is much less common. This 
is likely related to the fact that RMICT is usually a small lesion in the renal medulla that is not detected 
radiographically. As a result, they are most often encountered as incidental findings in nephrectomies performed 
for other reasons or at autopsy. However, occasional tumors can develop into large masses, even protrude into 
renal pelvis and lead to obstruction (20). Therefore, although rare, RMICT is a diagnosis requiring consideration 
in arenal core biopsy specimen (21). 


RMICT is composed of small stellate or spindle stromal cells in a background ranging from loose myxoid to 
dense collagenized (Fig. 7.14). The density of stellate or spindle cells can vary from scant, well-spaced, to 
hypercellular. The nuclei display no to minimal pleomorphism; mitotic activity and necrosis are not present. The 
cells may contain lipid droplets, which have been also found in nonneoplastic renomedullary interstitial cells. The 
stroma often shows interlacing bundles of delicate fibers and occasionally contains keloid-like collagen or even 
amyloid deposition. Entrapped renal tubules are frequently present at the periphery of the tumor. 


Ancillary Studies 


Immunohistochemistry is rarely needed for diagnosing RMICT. Stromal cells are typically positive for smooth 
muscle actin and negative for CD34 and S100. 
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FIGURE 7.14 Renomedullary interstitial cell tumor. 
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Differential Diagnosis 

Because of its location in medullary region, the main differential consideration for RMICT is mixed epithelial 
and stromal tumor (MEST). However, MEST is often a large mass lesion with an inherent epithelial 
component that is present throughout the tumor, whereas entrapped renal tubules in RMICT are seen 
mostly in the periphery of the tumor. 


HEMATOPOIETIC TUMORS 


The spectrum of hematopoietic tumors involving kidney is quite diverse, including lymphoma, leukemia, 
plasmacytoma/myeloma, posttransplant lymphoproliferative disorders (PTLD), and rare conditions such as 
Langerhans cell histiocytosis and Rosai-Dorfman disease. Among this spectrum, although secondary 
involvement is much more common than primary hematopoietic tumors of the kidney, many of these tumors can 
present as mass lesions, accompanied by renal insufficiency or hematuria, clinically mimicking primary renal 
epithelial tumors, urothelial carcinoma, infection, or metastatic carcinomas. Consequently, renal core biopsy is 
often used in such a clinical scenario, in patients with or without prior history of hematopoietic disorders, to rule 
out such a possibility and to avoid unnecessary surgical resections (22). 


The most common hematopoietic malignancy involving the kidney is lymphoma, mostly of B-cell type. In a few 
recent series, diffuse large B-cell lymphoma (DLBCL) appears to be the most common subtype of lymphomas 
(23,24,25). Other B-cell lymphomas of the kidney include Burkitt lymphoma, mantle cell lymphoma, extranodal 
marginal zone B-cell lymphoma of mucosa-associated lymphoid tissue (MALT) lymphoma, follicular lymphoma, 
chronic lymphocytic leukemia/small lymphocytic lymphoma and plasmacytoma, etc. T-cell lymphoma very 
infrequently can also occur as primary renal lymphoma. Within this rare category, T lymphoblastic lymphoma and 
extremely rare examples of peripheral T-cell lymphomas in children and adults have been reported (26,27 ,28,29). 
Additionally, PTLD can be encountered (30,31). As true Epstein-Barr virus (EBV)-driven tumors with a spectrum 
of histologic features, these tumors are most commonly seen after solid organ transplantation but may 
occasionally also occur after stem cell transplantation. 


Microscopically, the neoplastic cells often display an interstitial growth pattern where sheets of tumor cells 
percolate between nephrons. But sometimes they may form tumor nodules, completely replacing renal 
parenchyma (Fig. 7.15), with only rare entrapped renal nephron structures particularly at the periphery of the 
tumor nodule. Intravascular large B-cell lymphoma (IVLBCL) can also affect kidney (32), and the lymphoma cells 
are localized within the lumina of vessels, including the capillaries of glomeruli (Fig. 7.16). 
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FIGURE 7.15 DLBCL replaces renal parenchyma to form a mass. 


In general, the diagnostic criteria and ancillary studies applied to these tumors should be similar to what have 
been used for lymphomas at other organ sites. If a specific diagnosis cannot be rendered from the limited amount 
of material in biopsies, more general terms such as /arge B-cell lymphoma or low-grade B-cell lymphoma can 
be used. 
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FIGURE 7.16 Glomerular infiltration by intravascular lymphoma. The size of the involved glomerulus (top) is 
much larger than that of an uninvolved glomerulus. 
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METASTATIC TUMORS 


Renal involvement by metastatic solid tumors is not uncommon. Autopsy studies show renal metastasis in 7% to 
1396 of patients with cancer (33,34). The most frequent sources of metastatic tumors to the kidney include lung 
(most common), breast, melanoma of the skin, genitourinary, Gl and gynecologic tracts, salivary gland, thyroid, 
pancreas, etc. as well as high-grade sarcomas arising from soft tissue and bone (34,35). Metastatic tumor in the 
kidney can present as a solitary mass, clinically indistinguishable from a primary renal tumor. On the other hand, 
over 50% of renal masses in patients with known extrarenal malignancies were found to represent primary RCC 
in one study (35). Therefore, kidney core biopsy plays an important role for the clinical management of patients 
with known extrarenal malignancies to determine the nature of a renal mass identified by imaging (22). It is 
noteworthy that kidney can also be involved secondarily through direct extension, most commonly by adrenal or 
retroperitoneal tumors, which are discussed elsewhere in the book. 


In general, morphologic features unusual for distinctive subtypes of RCC or urothelial carcinoma should always 
raise a suspicion of metastasis. Many metastatic tumors histologically differ from common types of primary RCC, 
allowing for relatively straightforward recognition as a tumor of a nonrenal origin (Fig. 7.17). Additionally, multiple, 
well-demarcated tumor nodules and presence of tumor emboli in vessels also favor metastasis. However, high- 
grade primary RCC such as a collecting duct carcinoma, as well as urothelial carcinoma of the renal pelvis, often 
show poorly differentiated morphology with multinodular growth and 
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may be more difficult to be distinguished from poorly differentiated metastatic tumors (see also Chapter 4). 


FIGURE 7.17 Metastatic poorly differentiated lung adenocarcinoma. 
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FIGURE 7.18 Malignant SFT metastatic to kidney. 


Ancillary Studies 

Clinical history of primary tumors elsewhere and selected immunohistochemical panel including markers typical 
of the primary site in addition to markers suggesting renal or urothelial origin are very helpful in general. Although 
available markers in the latter category such as PAX8 or PAX2 (renal), 348E12, p63, and GATAS (urothelial) are 
not specific (36,37,38), when combined with careful histologic examination and comparison with prior material—if 
and when available, this approach can usually resolve the origin of a renal mass. 


Some metastatic tumors provide challenging distinctions from certain primary renal tumors. Examples include 
distinguishing metastatic thyroid carcinoma from a thyroid-like follicular carcinoma of the kidney (see Chapter 4) 
or primary carcinoid tumors versus metastatic carcinoid as well as separating metastatic sarcoma (Fig. 7.18) from 
RCC with extensive sarcomatoid differentiation or primary sarcomas of the kidney such as synovial sarcoma, 
SFT, etc. (see Chapter 6). 


TUMORLIKE LESIONS 


Intrarenal Ectopic Adrenal Tissue and Renal-Adrenal Fusion 
Both intrarenal ectopic adrenal tissue and renal-adrenal fusion can form tumorlike lesions in which adrenal 
cortical tissue appears to be within 
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or immediately adjacent to renal parenchyma (39). Although they are not challenging diagnoses on resection 
specimens, on core biopsies with limited material, the adrenal tissue can closely mimic a low-grade clear cell 
RCC, chromophobe RCC, or oncocytoma. The key diagnostic features are the lipid droplet-rich (bubbly) 
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cytoplasm and the uniformly bland nuclei in adrenal cortical tissue (Fig. 7.19). Notably, the location of intrarenal 
ectopic adrenal tissue is not restricted to the upper pole of kidney, and it should also be considered as a 
differential for tumors located elsewhere in the kidney. Immunohistochemical markers can readily help to make 
this distinction. Adrenal cortical tissue is positive for inhibin, Melan-A, and steroidogenic factor-1 (SF-1) (40,41) 
while negative for PAX8, EMA, and cytokeratins. Occasionally, adrenal cortical neoplasm may arise from renal- 
adrenal fusion or ectopic adrenal tissue, although the incidence is extremely rare (42,43). 
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FIGURE 7.19 Ectopic adrenal tissue. 


Xanthogranulomatous Pyelonephritis and Renal Malakoplakia 


Xanthogranulomatous pyelonephritis (XGP) and renal malakoplakia (RMP) are mass-forming inflammatory 
lesions that are predominantly composed of histiocytes. XGP is consistently associated with obstruction, calculi, 
and recurrent urinary tract infections, whereas RMP is believed to be due to defective macrophage lysosomal 
digestion of phagocytosed bacteria. Both lesions are most often associated with gram-negative bacteria. Renal 
needle biopsy is an important approach to distinguish these massforming benign lesions from true renal 
neoplasms that may require surgical treatment (22,44,45,46). Histologically, XGP shows foamy histiocytes in 
aggregates ranging in size from small clusters underneath urothelium 
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in the renal pelvis to large, destructive, nodular lesions (Fig. 7.20). In comparison, RMP contains aggregates of 
histiocytes with eosinophilic cytoplasm (von Hansemann histiocytes), some of which contain targetoid, basophilic 
inclusions (Michaelis-Gutmann bodies) in their cytoplasm (Fig. 7.21). The epithelioid appearance of histiocytes in 
these lesions can 
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result in an erroneous interpretation such as clear cell RCC. Distinguishing them from renal carcinoma can be 
accomplished by performing immunostaining for cytokeratin and histiocytic markers, in additional other markers 


such as PAX2 or PAX8. 


FIGURE 7.20 XGP with epithelioid foamy histiocytes. 
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FIGURE 7.21 RMP composed of eosinophilic histiocytes. Scattered Michaelis-Gutmann bodies are present 
(arrows). 


RENAL CYSTS 


Imaging plays a very important role in the clinical evaluation of renal cystic lesions. The widely used Bosniak 
classification stratifies them into two main categories: Bosniak types | and ll are most likely benign and 
nonsurgical lesions, whereas types lll and IV are complex and often represent cystic renal neoplasms that are 
typically resected (47). Indeterminate cystic renal masses by imaging in the categories Ill or category IIF (cystic 
lesions that have progressed in complexity during follow-up) might be considered as indications for renal core 
biopsy. However, given the heterogeneous nature of this group of complex cysts and the limited sampling by 
core biopsies, the accuracy and usefulness of renal biopsy in this setting are controversial (35,48,49). Although 
many cystic masses can be diagnosed by core biopsy, the likelinood of obtaining a false negative result is also 
significant. The cystic lesions that can be reliably diagnosed on core biopsies are often cystic renal neoplasms, 
the diagnoses of which have already been discussed in previous chapters. 


Benign multilocular cysts can occasionally be encountered in core biopsies. Although mostly lined by a single 
E P.149 
lining in these cysts may show focal papillary proliferation or the lining may be composed of clear cells in single 
or multiple layers (Fig. 7.23). In distinction from multilocular cystic RCC, these clear cell-lined cysts do not have 
any mural clear cell clusters or nodules (50). 
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FIGURE 7.22 Focal papillary hyperplasia in a renal cyst. 
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FIGURE 7.23 Multilocular cyst lined by cells with clear cytoplasm in single or multiple layers. 
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8 
Renal Pelvic Tumors 


Debra L. Zynger 


Bladder cancer is common, whereas malignancy of the upper urothelial tract is rare. Within the upper urothelial 
tract, tumors in the renal pelvis are twice as common as the ureter (1). Ureteroscopy provides excellent 
visualization of renal pelvic tumors and in conjunction with a tissue biopsy has the potential to provide histologic 
type, grade, and stage. This chapter addresses renal biopsies obtained via ureteropyeloscopic approach with 
percutaneous renal procedures discussed in Chapter 1. 


PREBIOPSY STUDIES 


The most common symptom prompting exploration of the upper urothelial tract is gross or microscopic hematuria 
(2,3,4). Flank pain is the second most common symptom. Previously, the presence of a filling defect on imaging 
was sufficient for clinical management, whereas now with the development of small caliber flexible endoscopic 
instrumentation, visualization and sampling of renal pelvic masses are often performed. Computed tomography 
(CT) urography is the gold standard for the initial evaluation of the upper urothelial tract (1,5,6). The sensitivity 
for the detection of malignancy approaches 100%, although small polypoid tumors and flat lesions may be 
missed (7,8). Filling defects that are seen on CT urography may be due to obstruction by a tumor or nontumoral 
causes including a blood clot, renal calculi, and detached papillae (Fig. 8.1, eFig. 8.1). The diagnosis of a 
suspected renal pelvic tumor can be confirmed with ureteropyeloscopy. 


INDICATIONS 


Most endoscopic biopsies of the renal pelvis are performed to evaluate a suspicious imaging filling defect, 
particularly when imaging is equivocal for malignancy (Table 8.1) (2,9,10). Patients with high-grade 
urothelial carcinoma may receive neoadjuvant chemotherapy (11). This is especially relevant as post- 
nephroureterectomy adjuvant chemotherapy is less ideal due to nephrotoxicity and a single remaining 
kidney (11). Additional indications include surveillance of a previously treated upper tract tumor and positive 
urine cytology with negative cystoscopy. 


Balog 
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FIGURE 8.1 Renal imaging revealing pelvic filling defects in two patients. Both patients were diagnosed 
with high-grade urothelial carcinoma in a renal pelvic biopsy and were found to have invasive urothelial 
carcinoma of the renal pelvis in the nephroureterectomy specimen. A: CT urogram demonstrating filling 
defects within the left kidney (right side of image). Contrast (white in color) is seen filling a dilated collecting 
system on the excretory phase, delineating multiple lesions with irregular margins. B: Retrograde pyelogram 
of the left kidney shows a left lower pole filling defect with contrast (dark grey in color) predominately in the 
upper and mid calyces. (Images courtesy of Dr. Zachary Gordon.) 


BIOPSY TECHNIQUE 


A ureteroscope is used to gain access to the renal pelvis and can be inserted through a guidewire or ureteral 
access sheath (10). Placement of a separate stent ("double J stenting") may be required to help dilate the ureter 
or in cases in which the anatomy makes passage of the ureteroscope difficult. Fluoroscopy and direct visual 
control guide the ascension of the ureteroscope to the renal pelvis. Ureteroscopic procedures may occur with or 
without tissue biopsy and/or cytology. Flexible ureteroscopes have a greater diagnostic success rate than rigid 
devises (12). Visualization of abnormal mucosa may be improved in some models via the emission of different 
wavelengths of light. Tissue is obtained using graspers or baskets. Devises to increase the size of the tissue 
sample have been created but have to be backloaded, an example of which is the BlGopsy scope (Cook 
Medical, Bloomington, Indiana) (eFig. 8.2). Tissue samples should be taken as deep as possible for accurate 
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diagnosis and staging; however, this 


increases morbidity (10). Urine can be obtained directly from the renal pelvis for cytologic examination by passive 
collection, saline barbotage, or brushings (13). In addition to obtaining tissue for diagnosis, ureteroscopic 
treatment (e.g., laser ablation) is possible. As bladder and upper tract tumors can coexist, cystoscopy is also 
necessary. 


FIGURE 8.1 (Continued) 


TABLE 8.1 Indications to Perform a Renal Pelvic Biopsy 


Evaluate filling defect, obstruction, and/or hematuria 


Identify patients appropriate for neoadjuvant chemotherapy 
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Surveillance of a previously treated upper tract tumor 


Positive urine cytology with negative cystoscopy 
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COMPLICATIONS 


Major complications are not described. The most common side effect of an upper tract endoscopic biopsy is 
bleeding, followed by ureteral perforation, sometimes requiring a ureteric stent (2,9,14,15,16). Ureter 
manipulation and perforation is a risk factor for subsequent stricture formation. Concern has been raised 
regarding high pressure irrigation or tumor manipulation pushing tumor cells into lymphovascular spaces or 
seeding other parts of the urothelium (17,18). However, there is no greater incidence of lymphovascular 
invasion in cases with prior ureteroscopy (19). Furthermore, there is no difference in time to recurrence or 
survival comparing patients with and without diagnostic ureteroscopy (20). 


HISTOLOGIC FINDINGS 


Approximately half of renal pelvic biopsies are diagnosed as urothelial carcinoma (21). Other malignancies of the 
upper tract detected by endoscopic biopsy are extremely uncommon with rare described instances of diagnosing 
clear cell renal cell carcinoma, clear cell adenocarcinoma, and tumors of other primary origins (colon, breast, 
gastric) (21,22,23). 


DIAGNOSTIC ACCURACY 


Pathologic diagnostic information is crucial toward determining the appropriate treatment for renal pelvic disease. 
Renal pelvic primary tumors are managed by nephroureterectomy with bladder cuff excision except in select 
patients with poor renal function or small, low-grade disease that can be treated with endoscopic ablation (Fig. 
8.2) (24,25). Neoadjuvant chemotherapy may be used in patients with high-volume or high-grade tumor (Fig. 8.3) 
(11). Unfortunately, the tissue obtained from upper tract biopsies is often minimal and thus suboptimal for 
diagnosis, grading, and staging (Figs. 8.4 and 8.5). It is critical for the pathologist to understand the diagnostic 
limitations and pitfalls when evaluating renal pelvic biopsies. 


There is a paucity of information regarding the accuracy of endoscopic renal pelvic biopsies, summarized in 
Table 8.2. One investigation at our tertiary academic medical center found a diagnostic accuracy of 98% for the 
upper urothelial tract and 10096 for the renal pelvis, as the only diagnostic errors were in the ureteral specimens 
(21). The ureteral misdiagnoses included failing to diagnose urothelial carcinoma in situ and low-grade papillary 
urothelial carcinoma. The sensitivity of a renal pelvic endoscopic biopsy was reported to be 7896, with most 
authors describing errors mainly due to tissue sampling rather than diagnostic errors as the cause of the 
decreased sensitivity (21,23). As such, negative biopsies may not be representative of the lesion and a repeat 
biopsy or further treatment 
P:156 
P157 
P.158 
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without a tissue diagnosis may be indicated. A specificity of 10096 was calculated, suggesting that a malignant 
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diagnosis is highly accurate (21). However, other authors have noted false positive biopsy diagnoses due to 
overinterpretation of epithelial hyperplasia, detached pieces of urothelium imitating papillary formation, 
urothelium displaying pseudopapillary formation, or von Brunn's nest proliferations (Fig. 8.6) (4,16,22). Unless 
the findings are unequivocal, the diagnosis of malignancy should not be rendered, as this may result in an 
unnecessary nephroureterectomy. Correlation with endoscopic findings prior to diagnosis is recommended. 


FIGURE 8.2 Noninvasive papillary urothelial carcinoma, low grade within renal pelvic endoscopic biopsies. A: 
Well-formed papillary cores are present. Nuclei are enlarged but cytoplasm is abundant. The patient was 
managed conservatively. B: Tangential sectioning should not be misinterpreted as invasion. 
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FIGURE 8.3 High-grade urothelial carcinoma with poor preservation characteristic of ureteropyeloscopic 
biopsies. Although suboptimally visualized, markedly enlarged, pleomorphic nuclei are present. 
Nephroureterectomy revealed pT3 N1 disease. 
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FIGURE 8.4 Urothelial carcinoma in situ/noninvasive papillary urothelial carcinoma, high grade diagnosed in the 
renal pelvis. A: Crush artifact makes the growth pattern difficult to discern. B: Nuclei are enlarged and 
hyperchromatic with evident nucleoli, diagnostic of a high-grade urothelial tumor. C: Transurothelial CK20 is 
suggestive of a high-grade urothelial tumor. 
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FIGURE 8.4 (Continued) 
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FIGURE 8.5 Urothelial carcinoma in situ/noninvasive papillary urothelial carcinoma, high grade in a renal pelvic 
biopsy. A: It is difficult to discern if the blood vessels represent papillary cores or subepithelium. B: High-grade 
nuclei are present as well as atypical mitotic figures allowing for a diagnosis of a high-grade urothelial lesion. C: 
AMACR is expressed, characteristic of high-grade tumor. 
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FIGURE 8.5 (Continued) 


GRADING ACCURACY 
Urothelial carcinoma of the renal pelvis is graded as high or low, identical to tumors arising in the bladder (Figs. 
8.2, 8.3, 8.4, 8.5, eFig. 8.3). High-grade 

P.161 
diagnoses are rendered more frequently than low grade (21). For renal pelvic biopsies, grade concordance 
comparing biopsy to follow-up nephroureterectomy specimens is 7296 to 9296 (21,26). At our institution, we 
provide a grade in over 90% of renal pelvic biopsies with urothelial carcinoma (21). There is a strong correlation 
between a high-grade diagnosis at biopsy versus resection with undergrading more common than overgrading 
(4,21,26,27,28). Not surprisingly, biopsies concordant with surgical resections were significantly larger than 
those with discordant grades (21). As grade assessment based on histopathology is often correct and this 
information is used in clinical management, it is worthwhile to grade the vast majority of endoscopic renal pelvic 
samples. Low-grade tumors may be managed conservatively, and therefore, missing a high-grade lesion can 
have dire consequences (Fig. 8.7). 


TABLE 8.2 Accuracy of Renal Pelvic Biopsy 


Diagnostic accuracy 100% 


Sensitivity 78% 
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Specificity 100% 
Grade concordance 12%-92% 


Stage concordance 46%-68% 
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FIGURE 8.6 Detached nonneoplastic urothelium within a background of blood. Care should be taken not to 
overinterpret nucleomegaly found within inadequate, fragmented renal pelvic biopsies in which clusters of 
detached urothelium can mimic papillae. 


STAGING ACCURACY 


pT classification of renal pelvic tumors is defined similar to bladder (pTa, noninvasive papillary tumor; pTis, in 
situ carcinoma; pT 1, subepithelial invasion; pT2, invasion of the muscle) (29). The muscle encasing the renal 
sinus is thin and in areas is difficult to appreciate, even in resection specimens (eFig. 8.4) (30). As expected, pT 
staging within renal pelvic biopsies which are often minute have a low concordance of only 46% to 68% 
compared to surgical resection (21,26,27). However, approximately 1596 of cases 

P.162 
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were reportedly diagnosed as invasive and 100% of these were invasive at nephroureterectomy (21). All 
discrepancies were due to understaging, not overstaging. Therefore, although we do include "invasive" or 
"noninvasive" in our renal pelvic biopsy urothelial carcinoma diagnosis, the lack of invasion in a specimen is not 
a reliable predictor of noninvasive tumor. 
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FIGURE 8.7 Renal pelvic biopsy misdiagnosis. A: Nests of urothelial carcinoma are seen with an irregular tumor- 
stroma border. B: High power reveals an invasive high-grade carcinoma which was misdiagnosed as 
noninvasive low-grade urothelial carcinoma. The patient was managed conservatively and developed distant 
metastases. 


PATHOLOGY REPORT 


The first diagnostic line of the pathology report for a renal pelvic biopsy should state the diagnosis, with caution 
in suboptimal or minimally sampled lesions to avoid the overinterpretation of malignancy. For urothelial 
carcinoma, the modifier “noninvasive” or “invasive” is used. Grade, using the two tiered high/low system, should 
be given whenever possible. A second-line diagnosis stating the presence or absence of muscle may be 
provided, although muscle is rarely identified. 


NORMAL HISTOLOGY 


The renal pelvis is covered by folded urothelium of variable thickness. Nonneoplastic urothelial changes 
analogous to those seen in the bladder may be present including von Brunn's nests, squamous metaplasia, and 
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pyelitis cystica. The subepithelium contains loose connective tissue and adipose, which may be minimal to 
absent along the renal papillae. The muscularis of the renal pelvis is thin and may be difficult to appreciate, 
unlike the muscularis propria of the bladder and ureter, and the muscle does not have a circular versus 
longitudinal arrangement (30). In areas of the renal pelvis such as the renal papillae, the muscularis is absent. 


UROTHELIAL CARCINOMA 


The main histologic dilemma in renal pelvic endoscopic biopsies is to reliably identify urothelial neoplasia. 
Urothelial neoplasia regardless of site is traditionally classified and graded according to the World Health 
Organization (WHO)/International Society of Urologic Pathology (ISUP) system, although few investigations have 
applied this system specifically to renal pelvic tumors (31). In one large study assessing renal pelvic urothelial 
lesions, carcinoma in situ, noninvasive papillary tumors, and invasive carcinoma were identified but no diagnosis 
of papillary urothelial lesions of low malignant potential was rendered (30). Approximately 40% of high-grade 
urothelial carcinoma of the renal pelvis will have variant differentiation, including patterns seen in the bladder 
such as squamous, sarcomatoid, glandular, micropapillary, plasmacytoid, and lymphoepithelioma-like (eFig. 8.5) 
(32). Squamous differentiation is described as being the most prevalent variant histologic pattern (32). Urothelial 
carcinoma with extensive squamous differentiation cannot be differentiated from pure squamous cell carcinoma 
(Fig. 8.8). 


P.164 
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FIGURE 8.8 Invasive urothelial carcinoma with squamous differentiation. A: Areas of the renal pelvic biopsy 
show irregular, pleomorphic tumor with focal squamous differentiation. B: Other fragments of the biopsy contain 
tumor that is invasive and predominately squamous in appearance. Discriminating between urothelial carcinoma 
with extensive squamous differentiation and squamous cell carcinoma in a biopsy specimen is not possible. 
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Microscopic Features 


The most common neoplastic diagnoses that a pathologist will make in a renal pelvic endoscopic biopsy are low- 
grade noninvasive papillary urothelial carcinoma, urothelial carcinoma in situ, high-grade noninvasive papillary 
urothelial carcinoma, and invasive high-grade urothelial carcinoma (21). These are classified using the same 
criteria as tumors in the bladder. Low-grade papillary carcinoma is composed of a homogeneous population of 
cells with an increased nuclear to cytoplasmic ratio (Fig. 8.2). Nuclei are evenly distributed and polarity is 
partially maintained. Nucleoli are inconspicuous and mitoses are usually rare. The normal urothelial folds upon 
biopsy may mimic pseudopapillae leading to an erroneous diagnosis of a low-grade papillary tumor (22). 
Therefore, it is essential to correlate the histologic findings with the endoscopic impression. If flat, a high-grade 
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lesion is designated as urothelial carcinoma in situ, and if papillary cores are identified, the tumor is termed 
papillary urothelial carcinoma, high grade. High-grade lesions are characterized by increased nuclear size, 
nuclear pleomorphism, and loss of polarity (Figs. 8.3, 8.4, 8.5). Nuclear to cytoplasmic ratio is higher, nuclei are 
hyperchromatic, nucleoli can be seen, and mitoses are often evident. Invasion is often not identified due to 
sampling (21). As stated previously, tissue is minimal in endoscopic renal specimens, making diagnosis difficult. 


Ancillary Studies 

Urothelial differentiation can be confirmed with positivity for CK7, p63, high-molecular-weight keratin, uroplakin 
Ill, and GATA3 (33,34). Approximately half of urothelial carcinoma expresses CK20 (34). Markers for renal cell 
carcinoma (RCC), such as CD10, and renal cell antigen marker are typically negative, while PAX8 and focal 
CAIX positivity may be observed (33). 


In the bladder, urothelial carcinoma in situ/high-grade papillary urothelial carcinoma can be evaluated using 
immunohistochemical markers with ki-67, CK20, CD44s, and p53 being the most widely described (Table 8.3) 
(34,35,36,37,38,39,40). Urothelial carcinoma in situ has increased nuclear ki-67 reactivity, transurothelial CK20, 
strong nuclear p53 (or negative p53), and absent CD44s (Fig. 8.4). Markers that have been more recently 
reported include alpha-methylacyl-CoA racemase (AMACR) and human epidermal growth factor receptor 2 
(HER2) (Table 8.3) (40,41,42). Transurothelial granular cytoplasmic AMACR and moderate to strong 
membranous HER2 expression are supportive of a diagnosis of carcinoma in situ (Fig. 8.5). Although these six 
markers may be helpful, in many cases the expression profile is mixed, thus limiting the utility in clinical practice, 
and although these immunostains are well described in the bladder, there is minimal knowledge regarding their 
expression within renal pelvic lesions. Furthermore, in one publication, retrospective immunostaining of upper 
tract urothelial biopsy specimens with false negative diagnoses did 
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not provide any additional information (21). As such, the immunostains should be interpreted with careful 
consideration of the histomorphology, as the immunoprofile may be misleading (34). 


TABLE 8.3 Immunostains Used to Identify Urothelial Carcinoma In Situ 


Urothelial Carcinoma In Reactive Normal 

Situ 
CD44s - (or only basal cells +) + transurothelial + basal cells 
CK20 + transurothelial (80%) - + umbrella cells 
Ki67 r T low 
p53 * strong or - * weak * weak 


AMACR + transurothelial (80%) - - 


HER2 + strong transurothelial + strong luminal, weak + strong luminal, weak 
basal basal 
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Ancillary studies have no role in grading urothelial tumors, for prognostication, or predicting response to therapy 
at this time (34). 


Differential Diagnosis 

Care must be taken to avoid overinterpretation of epithelial hyperplasia, fragmented or poorly oriented 
urothelial fragments mimicking papillae, or von Brunn's nests for tumor (4,16,22). Descriptive diagnoses are 
recommended for equivocal specimens. Reactive urothelium usually has lower ki-67, CK20 restricted to the 
surface umbrella cells, weak p53, and expresses CD44s (Fig. 8.9, eFig. 8.6) (35,36,37,38,39,40). 
Urothelium with weak HER2 reactivity restricted to the upper half of the urothelium and weak to negative 
AMACR is also more likely to be reactive rather than neoplastic (40,41,42). 


In addition to benign entities, RCC can be encountered in endoscopic biopsies and be misinterpreted as 
papillary urothelial carcinoma. Specifically, the papillae of papillary RCC can mimic the papillae of urothelial 
carcinoma, and the small blood vessels of clear cell RCC when fragmented may also appear as false 
papillae (Figs. 8.10 and 8.11, eFig. 8.7). If RCC is a consideration, lineage specific markers such as p63 
and GATAS (positive in urothelial carcinoma/negative in RCC) can be helpful. The combination of CK7 and 
CK20 may be misleading because both papillary RCC and urothelial carcinoma may be CK7+/CK20- (Fig. 
8.11). Additionally, AMACR and PAX8 can be expressed in both entities. Therefore, use of other markers is 
necessary. 
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FIGURE 8.9 Renal pelvic biopsy with nonneoplastic urothelium. A: von Brunn's nests underneath the 
urothelium should not be misinterpreted as invasive tumor. B: CD44s expression in normal urothelium is 
basal and is transurothelial in reactive urothelium as is seen in the von Brunn's nest within this image. 
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FIGURE 8.10 Clear cell RCC within a renal pelvic biopsy that was misdiagnosed as urothelial carcinoma. 
Note that detached, fragmented blood vessels can mimic papillary cores. 
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FIGURE 8.11 Papillary RCC within a renal pelvic biopsy that was misdiagnosed as urothelial carcinoma. A: 
Papillary cores of RCC mimic papillary urothelial carcinoma. B: CK7 is positive and does not allow for 
discrimination between papillary RCC and urothelial carcinoma. C: Nuclear reactivity for p63 highlights the 
urothelium while the papillary RCC underneath the urothelium is negative. 
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FIGURE 8.11 (Continued) 
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9 
Adrenal Biopsy and Normal Histology 


Debra L. Zynger 


INDICATIONS 


An adrenal biopsy is used for two main diagnostic indications: to characterize an adrenal mass with 
equivocal imaging findings or to rule-in or ruleout an adrenal metastasis detected in imaging performed for 
the purpose of staging a previously diagnosed malignancy. Additionally, an adrenal biopsy may be 
performed in patients with multiple metastases but an unknown primary source of the tumor (Table 9.1) (1). 
An adrenal mass incidentally identified during abdominal imaging is termed an adrenal incidentaloma (2). 
With more frequent use of imaging, the incidence of adrenal incidentalomas is increasing (1). 
Incidentalomas are seen in an estimated 4% of abdominal computerized tomography (CT) scans (3). At 
autopsy, less than 1% of people younger than the age of 30 years have an adrenal incidentaloma, with a 
frequency rising to 7% in those older than the age of 70 years (2). Although most of these lesions are 
benign, in patients with a prior history of malignancy, workup reveals that approximately 75% of adrenal 
masses are metastases (1,2,4). As imaging does not definitively provide a diagnosis of benign or malignant 
in some lesions, adrenal biopsy has an established role in the diagnostic approach to these masses (2). 


PREBIOPSY STUDIES AND BIOPSY TECHNIQUE 


Imaging to identify and characterize the adrenal gland includes CT, magnetic resonance imaging (MRI), nuclear 
medicine studies, and ultrasonography (eFig. 9.1). CT is the primary imaging modality for the adrenal. An adrenal 
CT protocol uses early and delayed contrast enhancement. As adrenal cortical adenomas have high lipid 
contents, the absolute and relative contrast washout can be calculated, yielding a very high sensitivity and 
specificity for the diagnosis of an adrenal cortical adenoma (1,5,6). Similarly, the lipid content in an adrenal 
cortical adenoma provides typical findings using MRI: adenomas are homogeneous, have a signal 
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intensity equal to or less than the liver, and they lose intensity on chemical shift imaging (1). Pheochromocytoma 
can also usually be reliably diagnosed on imaging with a hypervascular appearance on T2-weighted MRI (1). 
Nuclear medicine imaging is used in the workup of suspected adrenal metastases. Although the sensitivity and 
specificity of nuclear medicine imaging for the diagnosis of metastases are very high, biopsy confirmation may 
still be warranted (7). Regarding ultrasonography, this modality allows visualization of the adrenal gland and 
masses within, but poor ability to characterize the lesions that are seen (7,8). In addition to specific features 
noted via each imaging technique, size remains an important predictor of malignancy with incidental, 
nonfunctional nodules less than 4 cm unlikely to be malignant (9,10). The National Institute of Health Consensus 
Conference stated that adrenal incidentalomas less than 4 cm should be monitored, those greater than 6 cm 
should be resected, and masses between 4 and 6 cmcan be watched or resected (11). However, considerable 
overlap is seen between size categories with large benign tumors and small malignancies observed (12). It 
should also be noted that autopsy findings document a mean of 2 cm for adrenal metastasis and therefore size 
alone is not a sufficient criteria to characterize adrenal lesions (13). 


TABLE 9.1 Indications to Perform an Adrenal Biopsy 
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Indeterminate imaging findings 


Staging in the setting of a known primary malignancy 


Identification of an unknown primary malignancy 


Prebiopsy blood work includes a complete blood count, comprehensive metabolic panel, and coagulation studies 
(1). Analysis of urine and serum catecholamines is performed in patients with suspected pheochromocytoma. 
Imaging and metabolic results are particularly important in patients with a pheochromocytoma because 
performing a biopsy can precipitate a hypertensive crisis due to excessive catecholamine secretion. Biopsy of a 
suspected pheochromocytoma is usually not performed, but if needed, should be done only with pharmacologic 
blockade. 


Most commonly, adrenal biopsies are obtained via a posterior, anterior, decubitus, or transhepatic percutaneous 
approach using CT guidance, ultrasound guidance, or a combination of the two modalities (Fig. 9.1, eFig. 9.2). 
Benefits of CT guidance include better visualization of internal structures and the possibility to use contrast, but 
is more costly, takes more time, uses radiation, and is not performed in real time (14). Ultrasound guidance is 
used in real time, does not use radiation, and is less costly, but provides poorer visualization (14). Adrenal biopsy 

P.175 

P.176 
pathology specimens that may be collected include tissue cores, a fine needle aspiration, or both. A variety of 
needle types and sizes (18 to 23 gauge) may be used with larger needles reported to have better diagnostic 
yield (15,16). 
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FIGURE 9.1 CT guided adrenal biopsies. A: A transhepatic approach to biopsy the right adrenal gland is 
depicted. The biopsy contained metastatic renal cell carcinoma, clear cell type. This patient had a left 
nephrectomy and adrenalectomy both involved by renal cell carcinoma, clear cell type, 2 years prior to the right 
adrenal biopsy. B: A posterior approach to biopsy the right adrenal gland is shown in a patient with a history of 
lung adenocarcinoma. The biopsy corroborated metastasis to the adrenal gland. C: A biopsy of a massively 
enlarged left adrenal gland is illustrated. This biopsy, confirmed with subsequent adrenalectomy, revealed 
adrenal cortical carcinoma. 
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FIGURE 9.1 (Continued) 


COMPLICATIONS 


The complication rate of a percutaneous adrenal biopsy procedure is approximately 5% 
(15,17,18,19,20,21). The most common complications are self-limited pneumothorax and bleeding. Rare 
complications include pancreatitis, hypertensive crisis due to biopsying an unsuspected 
pheochromocytoma, and hemothorax. Needle tract seeding is exceedingly rare. The frequency of 
complications which require further medical management is less than 2% (15,19,20). 


USAGE 


Prior to dedicated adrenal imaging, the majority of adrenal biopsies were obtained for evaluation of adrenal 
masses that ultimately proved to be adrenal cortical adenomas (15,19,22). With improved imaging, the proportion 
of adrenal biopsies which detect adrenal cortical adenomas has decreased, with a higher percentage of biopsies 
containing metastatic carcinoma (15). The utility of biopsy is limited, as imaging has high sensitivity 

P.177 
and specificity; adrenal cortical adenoma cannot always be reliably histologically differentiated from adrenal 
cortical carcinoma and adrenal biopsy is an invasive technique with risk, cost, and discomfort to the patient, 
which requires a skilled operator in order to obtain sufficient representative lesional tissue. Therefore, in the last 
decade compared to prior years, the usage of adrenal biopsies may have decreased. However, adrenal biopsy is 
still described as a technique that is overutilized as many biopsies that are performed do not change patient 
management (10, 23). Our experience shows little change in usage in recent years (Fig. 9.2). Quale et al 
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reported a series of patients that underwent adrenal fine needle aspiration in which no patient had a modification 
in management based on the findings (23). In the future, the view on the utility of adrenal core biopsies could 
change again as metastatic lesions may be biopsied with increased frequency to obtain tissue for molecular 
analysis of predictive biomarkers, in particular for lung carcinoma, rather than for definitive staging. 


Number of adrenal core 
biopsies performed 


FIGURE 9.2 Frequency of adrenal core biopsies usage at The Ohio State University Medical Center. Usage has 
remained relatively stable during the past decade. 


HISTOLOGIC FINDINGS AND WORKUP 


The most frequent diagnosis encountered in adrenal biopsies is metastatic carcinoma followed by adrenal 
cortical tissue (Fig. 9.3) (16). Unfortunately, adrenal biopsy cannot resolve the differential diagnosis of normal 
adrenal cortex versus adrenal cortical adenoma versus a sampling error in which lesional tissue has not been 
obtained. Therefore, a diagnosis of adrenal cortical tissue needs to be interpreted within the clinical and 
radiologic context and a rebiopsy performed if indicated. Other tumors infrequently encountered are varied and 
include lymphoma, melanoma, and sarcoma (10,16,20,24,25,26,27). As previously noted, pheochromocytoma 
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should not be biopsied, but this does occur (10,16,24,25,26,27,28,29,30). Myelolipoma is a diagnosis that 
typically can be made radiologically, although rarely may appear in an adrenal biopsy (16,27,30). 
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FIGURE 9.3 Diagnostic findings within adrenal core biopsies. The most frequent diagnosis is metastatic 
carcinoma followed by adrenal cortical tissue. NOS, not otherwise specified. (Adapted from Villelli NW, Jayanti 
MK, Zynger DL. Use and usefulness of adrenal core biopsies without FNA or on-site evaluation of adequacy: a 
study of 204 cases for a 12-year period. Am J Clin Pathol. 2012;137[1]:124-131.) 


Lung carcinoma is the most frequent type of metastasis in the adrenal gland. Between 46% and 75% of 
metastatic carcinoma in adrenal biopsies is lung in origin (Fig. 9.4) (16,20,25,27,28). Although typically patients 
do have a history of a known primary carcinoma, first time diagnoses of metastatic carcinoma from an adrenal 
core biopsy do occur, in part owing to the relative ease of access of the adrenal gland (16,31). The second most 
common metastatic carcinoma is renal cell carcinoma, with numerous other sources rarely identified (16). 


Diagnostic errors in adrenal core biopsies that are reported include misdiagnosing metastatic carcinoma, adrenal 
cortical adenoma, adrenal cortical carcinoma, pheochromocytoma, and non-Hodgkin lymphoma (16,17,19,25). 
Diagnostic pitfalls such as misinterpreting clear cell renal cell carcinoma for nonneoplastic adrenal cortex and 
pheochromocytoma for nonneoplastic adrenal medulla are described (16,23). 


Immunohistochemistry is frequently performed on adrenal biopsies. Villelli et al (16) documented the use of 
immunostains in over half of adrenal core biopsies with an average of 6.2 immunostains obtained in the subset of 
cases that were stained. Immunostains more than tripled the cost 
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per case (average pathology cost of $470.90 per case) but yielded more specific diagnoses than cases without 
immunohistochemistry (16). As immunohistochemistry is frequently performed, laboratories may consider 
incorporating upfront cutting of four to six unstained slides to prevent encountering insufficient tissue if the tissue 
block is cut a second time. Molecular testing requires even more tissue, and therefore if molecular testing is 
requested on the pathology requisition, obtaining unstained levels at the time the hematoxylin and eosin (H&E) 
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slides are cut in these cases may be optimal. 
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FIGURE 9.4 Location of the primary tumor for metastatic carcinoma detected via an adrenal core biopsy. 
(Adapted from Villelli NW, Jayanti MK, Zynger DL. Use and usefulness of adrenal core biopsies without FNA or 
on-site evaluation of adequacy: a study of 204 cases for a 12-year period. Am J Clin Pathol. 2012;137[1]:124- 
131.) 


ACCURACY 


As the diagnosis rendered for an adrenal biopsy is used for patient management, it is essential to understand the 
diagnostic limitations of this specimen (Table 9.2). Literature on the histologic accuracy, sensitivity, and 
specificity of adrenal biopsies is hampered by heterogenous methodology. Many publications combine needle 
core biopsies, fine needle aspirations, both core and aspirations, and samples obtained with and without on site 
evaluation of adequacy. A single investigation has been performed at our institution analyzing adrenal needle 
core biopsies in the absence of a cytology specimen or immediate evaluation of adequacy. In this study, 
regarding diagnosing the core biopsy as benign or malignant and eliminating any cases that were 
nondiagnostic/normal adrenal, there was a sensitivity of 100% and a specificity of 100% (16). Calculating these 
parameters for achieving a correct precise diagnosis, rather than benign versus malignant, 
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and including cases that were nondiagnostic/normal adrenal yielded a sensitivity of 86%, specificity of 88%, 
negative predictive value of 58%, and positive predictive value of 97%. False negatives only occurred in 
specimens obtained via smaller, 20 gauge needles and true negatives were only identified in cases in which a 
larger, 18 gauge needle was used. Sampling errors were more common than diagnostic errors. The low negative 
predictive value was attributed to numerous cases in which no lesional tissue was sampled. One other article 
described the accuracy of adrenal core biopsies by using adrenalectomy specimens in which an adrenal core 
was obtained ex vivo (32). Regarding a diagnosis of benign versus malignant, these authors calculated a 
sensitivity of 95% and a specificity of 95%. It is difficult to extrapolate these findings to clinical practice, as correct 
needle placement was much easier and the study reflects a cohort in which an adrenalectomy is performed in 
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every case, unlike the population likely to have an adrenal core biopsy. Additionally, at the minimum, a nine 
antibody immunopanel was performed on every core. 


TABLE 9.2 Accuracy of Adrenal Core Biopsy 


Needle core biopsy 


Benign versus malignant (excluding sampling errors) 


Sensitivity 100% 


Specificity 100% 


Precise diagnosis (including sampling errors) 


Sensitivity 86% 
Specificity 88% 
Negative predictive value 58% 
Positive predictive value 97% 


Fine needle aspiration 


Benign versus malignant 


Sensitivity 81%-100% 


Specificity 96%-100% 


Many studies have examined the diagnostic value of fine needle aspiration of adrenal masses, with a reported 
sensitivity between 81% and 100% and specificity between 96% and 100% (17,20,28,29,33). However, most 
authors of these investigations only considered a diagnosis of benign versus malignant, which is insufficient for 
patient management in many clinical scenarios. Additionally, immediate cytologic and/or frozen section analysis 
was used in the majority of these investigations (20,28,29,33) or authors did not state if these techniques were or 
were not used (17). 
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Both adrenal needle core and fine needle aspiration biopsies are useful to confirm the presence of metastatic 
carcinoma (16,17,20,28,29,32). In needle cores, the diagnosis of metastatic carcinoma had a sensitivity of 86% 
and positive predictive value of 100% (16). Although metastatic carcinoma within the adrenal gland is usually not 
removed, in the aforementioned ex vivo study, a sensitivity of 91% and a specificity of 96% were identified for 
this subset (32). Similarly, a study using core, fine needle aspiration, and adequacy via cytology/frozen section 
described an accuracy of 93% in lung cancer patients with possible adrenal metastasis (20). 
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PATHOLOGY REPORT 


The first diagnostic line of the pathology report for an adrenal core biopsy should state the diagnosis, with 
caution regarding overinterpretation in suboptimal or minimally sampled tissue. A second line diagnosis on the 
presence or absence of adrenal cortical tissue may be used to highlight the definitive location of the biopsy. It 
should be noted that biopsying the wrong organ, for example the liver or kidney, and labeling the biopsy as 
adrenal has been reported and is a pitfall for pathologic interpretation (Fig. 9.5) (16). If no adrenal or other tissue 
is present to corroborate the source of the tissue, the use of the word metastatic may not be appropriate. 
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FIGURE 9.5 This core biopsy labeled as left adrenal contained metastatic lung adenocarcinoma. No adrenal 
cortical tissue was present but glomeruli were identified, confirming the renal instead of adrenal origin of the 
tissue. 
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NORMAL HISTOLOGY 


The adrenal gland is composed of the outer cortex and the inner medulla. Three layers with different cell types 
are present in the adult adrenal cortex. With age, the layers appear less distinct and lipofuscin pigment 
increases. 


The zona glomerulosa is the outermost layer of the adrenal cortex, adjacent to the adrenal capsule. In the adult, 
the zona glomerulosa is minimal and the layer may be discontinuous. The zona glomerulosa produces 
aldosterone and is responsive to angiotensin, potassium, and adrenocorticotropic hormone. The cells of the zona 
glomerulosa are present in small nests, and in comparison to the adjacent zona fasciculata, the cells have less 
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cytoplasm, appear more eosinophilic, and have darker staining nuclei (Fig. 9.6). 


The zona fasciculata lies between the zona glomerulosa and zona reticularis. It produces glucocorticoids and is 
responsive to adrenocorticotropic hormone levels. This layer is prominent, comprising greater than half of the 
adrenal cortex. The cells are arranged in columns and cords. There is abundant finely vacuolated cytoplasm with 
a low nuclear to cytoplasmic ratio (Fig. 9.7). The cleared out cytoplasm is due to the high lipid content which 
dissolves during histologic processing. 


The zona reticularis is found deep to the zona fasciculata. This layer produces sex hormones and also is 
responsive to levels of circulating adrenocorticotropic hormone. The zona reticularis abuts the medulla in the 
head and body of the adrenal. In the adrenal gland tail wnere no medulla 
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is present, the zona reticularis lies adjacent to another layer of reticularis. The cells of the zona reticularis are 
smaller than the fasciculata, are less vacuolated, and are more eosinophilic (Fig. 9.8). Cells nearest to the 
medulla have more lipofuscin pigment. 
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FIGURE 9.6 The zona glomerulosa is composed of nests of cells between the vacuolated cells of the zona 
fasciculata and the adrenal capsule. 
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FIGURE 9.7 Cells of the zona fasciculata are arranged in elongated columns and have finely vacuolated, cleared 
out cytoplasm. 
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FIGURE 9.8 The zona reticularis has eosinophilic cytoplasm and lipofuscin pigment with sounding zona 
fasciculata seen at the periphery. 
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FIGURE 9.9 Nests of large, polygonal chromophilic cells make up the adrenal medulla. 


The medulla is the most central layer of the head and body of the adrenal gland. The adrenal medulla is usually 
no more than a few millimeters in thickness. This layer produces the catecholamines, epinephrine and 
norepinephrine. It is composed of pheochromocytes with occasional ganglion cells. Clusters of pheochromocytes 
are surrounded by S100 positive sustentacular cells which are difficult to appreciate without the use of 
immunohistochemistry. Pheochromocytes are large polygonal cells with dense, granular cytoplasm and have a 


basophilic to eosinophilic appearance, imparting an uneven, mottled appearance to the adrenal medulla (Fig. 
9.9). 
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10 
Adrenal Primary Tumors and Nontumors 


Debra L. Zynger 


ADRENAL CORTICAL ADENOMA, HYPERPLASIA, AND NODULES 


Anonneoplastic increase in the cellularity of the adrenal cortex is termed adrenal cortical hyperplasia. Adrenal 
cortical hyperplasia may be diffuse or produce multiple nodules. Hyperplasia is usually bilateral but can yield 
macronodules which mimic the appearance of an adrenal cortical adenoma. Adrenal cortical adenomas are 
typically unilateral, solitary, and well circumscribed. Adrenal cortical adenomas are thought to be a neoplastic 
process, supported by clonality in the majority of lesions, whereas most cases of nodular hyperplasia have been 
shown to be polyclonal, although there is overlap between the two diagnostic categories (1,2). Adrenal cortical 
hyperplasia and adrenal cortical adenoma can produce endocrine abnormalities or be nonfunctional. As there is 
a spectrum with morphologic and histologic overlap and from a practical perspective the lesions cannot be 
differentiated within a biopsy (and sometimes cannot be differentiated within a resection), these entities are 
discussed together. Additionally, an adrenal core biopsy cannot be used to distinguish normal adrenal cortex 
from an adrenal cortical adenoma or adrenal cortical hyperplasia (Fig. 10.1). This is significant, as the second 
most common diagnosis in adrenal core biopsies is adrenal cortical tissue (3). Therefore, the presence of benign 
adrenal cortical tissue does not ensure that the mass is a macronodule/adenoma and does not exclude an 
interventionalist sampling error. 


Microscopic Features 


Small cortical nodules may be entirely confined to the cortex. Larger nodules may compress surrounding tissue 
and extrude into the adrenal capsule and periadrenal adipose tissue. Architectural patterns of growth that are 
common in nodules include nests, solid sheets, and trabeculae (Fig. 10.2). Rarely, pseudoglandular or myxoid 
features are present (Fig. 10.3). Cortical nodules consist predominately of finely vacuolated cytoplasm containing 
lipid droplets, similar to the zona fasciculata, but oncocytic cells can also be seen. The cells may be larger than 
normal adrenal cortex, 

P.188 
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P.190 
and cells with nucleomegaly and nuclear pseudoinclusions can be seen. Importantly, mitotic figures are quite 
rare and atypical mitotic figures are not present. Lipofuscin pigment may be identified. Uncommon findings 
include myelolipomatous, lipomatous, or osseous metaplasia (Fig. 10.4). Treatment with spironolactone for 
aldosterone-secreting adenomas may result in dense eosinophilic cytoplasmic inclusions, termed spironolactone 
bodies (Fig. 10.5). Degenerative changes including hemorrhage, 

P.191 
hyalinization, and calcification can be seen in larger nodules and should not be overinterpreted as characteristics 
concerning for malignancy. Adrenal cortex near the nodule may be hyperplastic in cases of macronodular 
hyperplasia, atrophic if the nodule is functional, or normal if the nodule is a nonfunctional adenoma. 
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FIGURE 10.1 In this adrenal core biopsy, cortical tissue with enlarged, monotonous, blandappearing cells favors 
a diagnosis of an adrenal cortical adenoma, but normal adrenal cortex or hyperplasia cannot be excluded. 
Therefore, a diagnosis of adrenal cortical tissue was rendered. 
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FIGURE 10.2 Adrenal cortical adenoma. A: Nests of finely vacuolated cells. B: Sheets of oncocytic cells with 
occasional nucleomegaly. 
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FIGURE 10.2 (Continued) 


www.ketabpezeshki.com 6648545 7-66963820 


TT Las ae, 


c 
& 

A UA 
ale 
o 
EA 


E 
» 2 
OR 
% 
į 
Y ' 
Y. 
^ 
TO 
SV m >” 
o Me 
em 
La? 
E 
e 


EA a “ASS, *" a eMe. q 5 CLR 
C I er ee Fy E LAS 
WoW a A ASA OE 
r JI gi s ID rogus PON ai yv 5 EU ^ 
cUm c UEM EPIO — o 
d a T. vy 428 NA *- POS ZG TN yos 

` q ! : "AS La i 
> j - 74 


$4344 9 ag NM out unu um 9 WA ^ gom 9A 


FIGURE 10.3 Pseudoglandular features are seen within this adrenal cortical adenoma which can mimic 


metastatic adenocarcinoma. 
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FIGURE 10.4 Unusual features in adrenal cortical adenomas. A: Lipomatous metaplasia. B: Osseous 
metaplasia. 
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FIGURE 10.5 Aldosterone-producing adenoma in a patient with Conn syndrome treated with spironolactone. 
Spironolactone inclusion bodies are diffusely seen within the cytoplasm. 


Ancillary Studies 

Normal adrenal cortex, adrenal cortical adenoma, and hyperplastic adrenal cortex have consistent expression of 
inhibin alpha, calretinin, Melan-A, and steroidogenic factor-1 (SF-1) (4,5,6,7,8,9,10,11,12,13,14,15,16,17). 
Chromogranin A and S100 protein are negative (15,18,19). Carbonic anhydrase IX (CA-IX) has little to no 
membranous reactivity (4,20,21). 


Differential Diagnosis 
Low-grade clear cell renal cell carcinoma mimics the clear cells of adrenal cortex, and misinterpretation as 
clear cell renal cell carcinoma for adrenal cortical tissue in an adrenal core biopsy has been reported (3). 
Histologically, clear cell renal cell carcinoma has cells with more cleared out cytoplasm rather than the 
uniform fine vacuoles of adrenal cortical cells. As there is overlap and the cytoplasmic properties may not be 
appreciable on limited or poorly preserved biopsy material, immunostains can confirm the diagnosis with 
clear cell renal cell carcinoma negative using inhibin alpha, calretinin, Melan-A, and SF-1 but strongly 
positive in the cellular membranes using CA-IX (4,5,6). 

P.192 
Adrenal cortical adenoma cannot always be reliably histologically differentiated from adrenal cortical 
carcinoma, and this is especially difficult in an adrenal core biopsy. Criteria for malignancy are discussed in 
the following section. If necrosis or mitotic figures are seen, the possibility of malignancy should be raised. 
Unfortunately, ancillary studies are not helpful. 
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ADRENAL CORTICAL CARCINOMA 


Adrenal cortical carcinoma is a very rare and aggressive adrenal neoplasm, and the diagnosis of adrenal cortical 
carcinoma in an adrenal core biopsy is given in less than 2% of cases (3). The peak incidence is in the fourth 
and fifth decades, and there is a female predominance (22,23,24,25,26,27). Five-year survival is 25% to 40% 
with hepatic, pulmonary, and nodal metastases common (23,24,25,26,27,28). Approximately half of tumors are 
hormonally functional causing Cushing syndrome and/or virilization (22,27,28). Adrenal cortical carcinomas are 
usually large (median 10 to 13 cm) (25,26,27). Weights over 100 g are worrisome for malignancy. Tumors that 
are greater than 6.5 cm and/or greater than 500 g are frequently malignant, but neither size nor weight are 
sufficient to predict malignancy, as small tumors have been reported to metastasize and large tumors can be 
benign (23,26,27,29,30). 


Microscopic Features 


Adrenal cortical carcinoma consists of sheets, nests, and trabeculae of medium- to large-sized cells separated by 
sinusoids. The cytoplasm is eosinophilic to clear with vacuolization sometimes seen (Fig. 10.6). Cells may be 
monotonous with little nuclear atypia or demonstrate marked nuclear pleomorphism and hyperchromasia. 
Nuclear pseudoinclusions can be seen but are also seen in adrenal cortical adenomas. Necrosis, capsular 
invasion, and vascular invasion may be present (Fig. 10.74). Mitoses vary from abundant to difficult to identify 
(Fig. 10.7B, eFig. 10.1). Approximately 1096 of adrenocortical carcinoma will be composed of a predominance of 
large, oncocytic cells (31). Focal to diffuse myxoid stroma can be identified (Fig. 10.8). Spindling or sarcomatoid 
change is very rare. Cystic formation can occur in adrenal cortical carcinoma, and as such, a cyst should not be 
presumed to be benign (32,33,34). Other features that may rarely occur include lipomatous or myelolipomatous 
metaplasia, fibrosis, calcification, or metaplastic bone formation. 


There are several histologic algorithms (Hough, Weiss, van Slooten, modified Weiss) to differentiate adrenal 
cortical carcinoma from adenoma (35,36,37). Mitotic rate is a key feature in these algorithms and has been 
shown to correlate with patient outcome (38). One such system is the modified Weiss criteria which are as 
follows: greater than 5 mitoses per 50 high-power fields, less than 259^ clear cells, atypical mitotic figures, 
necrosis, and capsular invasion. The modified Weiss score is calculated as 
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follows: 1 point for the presence of atypical mitotic figures, necrosis, and capsular invasion and 2 points for the 
presence of greater than 5 mitoses per 50 high-power fields and less than 25% clear cells for a total score 
between 0 and 7. A score of greater than 3 highly correlates with subsequent malignant behavior (36). Certain 
modified Weiss features, specifically 

P.195 
the presence of clear cells, may not be applicable to eosinophilic adrenal neoplasms. Alternative algorithms have 
been proposed for oncocytic adrenocortical tumors (39,40). 
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FIGURE 10.6 Adrenal cortical carcinoma (bottom half) in a liver biopsy (top half). The cytoplasm of the cortical 
carcinoma is finely vacuolated. 
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FIGURE 10.7 A: Adrenal core biopsy with partially necrotic adrenal cortical carcinoma. B: Higher power reveals 
nuclear atypia and mitotic figures, including atypical forms allowing for a definitive diagnosis of adrenal cortical 
carcinoma. 
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FIGURE 10.7 (Continued) 
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FIGURE 10.8 Myxoid material is seen in this adrenal cortical carcinoma which can mimic metastatic carcinoma. 
Liver metastases were present upon diagnosis. 


The features suggestive of malignancy described previously should be assessed in a needle core biopsy. As 
definitive diagnosis of malignancy may be difficult even in an adrenalectomy resection, it therefore may not be 
possible in a biopsy specimen unless there is a history of distant metastases (present at the time of diagnosis in 
20% to 25% of patients) (eFig. 10.2) (25,26,27). If there is uncertainty regarding the diagnosis of malignancy, the 
surgical pathologist should describe the concerning histologic features and suggest the possible malignant 
potential of the lesion. This will be sufficient to proceed with a surgical resection which is the mainstay of 
treatment for adrenal cortical carcinoma (27,41). 


Ancillary Studies 

CAM5.2 is usually expressed although keratin reactivity can be weak (41). Inhibin alpha, calretinin, Melan-A, and 
SF-1 are highly expressed in the majority of adrenal cortical carcinomas (70% to 100%), similar to benign 
adrenal cortical lesions (4,5,6,7,8,9,10,11,12,13,14,15,16). Chromogranin A and S100 protein are negative 
(15,18,19). Expression of synaptophysin may be observed (13). Membranous CA-IX has been reported in some 
cases (4,20). TTF-1 is not expressed in adrenal cortical carcinoma (42). Myxoid areas are reactive with Alcian 
blue and negative using mucicarmine and periodic acid Schiff (PAS) (43). 


Differential Diagnosis 


The main diagnostic consideration for a tumor that lacks overt features of malignancy is adrenal cortical 
adenoma. The presence of mitotic figures or necrosis within a biopsy is concerning for adrenal cortical 
carcinoma. In biopsy samples that appear histologically malignant, the differential diagnosis of adrenal 
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cortical carcinoma includes high-grade clear cell renal cell carcinoma, hepatocellular carcinoma, 
pheochromocytoma, melanoma, and metastatic carcinoma (41). High-grade clear cell renal cell carcinoma 
can have large, eosinophilic cells with pleomorphic nuclei similar to adrenocortical carcinoma but will be 
nonreactive using inhibin alpha, calretinin, Melan-A and SF-1 (4,5,6). Of note, CA-IX, a marker frequently 
used for clear cell renal cell carcinoma, has been reported to have membranous expression in 14% to 58% 
of adrenal cortical carcinoma (4,20). Hepatocellular carcinoma is negative using calretinin, Melan-A, and 
SF-1, but reactivity using inhibin alpha has been described (5,14,15,16,17,21,44). Pheochromocytoma has 
little to no expression of inhibin alpha, calretinin, and Melan-A (6,7,8,10,13). Melanoma expresses Melan-A 
as does adrenocortical carcinoma but is nonreactive using inhibin alpha and calretinin and is positive for 
$100 protein (11). Trabecular and myxoid areas can mimic metastatic adenocarcinoma, and in these cases, 
cytokeratin markers CK7 and CK20 as well as organ-specific markers such as TTF-1 are helpful. 
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ADRENAL CYSTS 


Cysts within the adrenal gland are rare and most often present in the fifth to sixth decades of life and are more 
prevalent in women (32,34). There are four major types of adrenal cysts: (a) endothelial (vascular), (b) 
pseudocysts, (c) parasitic, and (d) epithelial (45). 


Microscopic Features 


Of the four types of cysts, endothelial and pseudocysts are the most common (46). Endothelial cysts have a 
lining that is flat to cuboidal endothelium and can connect with the surrounding vasculature (Fig. 10.9, eFig. 
10.3). Cyst formation may be due to the dilation of ectatic vessels (eFig. 10.4). Pseudocysts lack an identifiable 
lining and are surrounded by a fibrous capsule or adrenal cortical cells (33). Pseudocysts are thought to have an 
endothelial origin and therefore are considered variants of endothelial cysts (34). Focal residual endothelial lining 
and/or smooth muscle within the cyst wall may be observed (47). The periphery of a pseudocyst can 
communicate with surrounding adrenal sinusoids similar to endothelial cysts (47). However, the peripheral 
vasculature identified may be due to canalization of the hemorrhagic area rather than the origin of the cyst (32). 
Parasitic adrenal cysts are echinococcal in origin in which laminated membranes or scolices of the worm may be 
seen (48). Epithelial adrenal cysts have by definition a keratin positive lining. The origin is unknown (33). 
Hemorrhage, fibrosis, calcification, bone, fat, or myeloid foci are sometimes present within all types of adrenal 
cysts (eFig. 10.5) (49). Normal-appearing adrenal cortical cells 
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intermixed within the cyst septations or cyst contents rather than necrotic tumor cells is a reassuring finding 
(eFig. 10.6). Definitively diagnosing a cyst and excluding a neoplastic lesion on a core biopsy is unlikely to be 
possible and instead a descriptive diagnosis should be rendered. 
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FIGURE 10.9 Adrenal endothelial (vascular) cyst. 


Ancillary Studies 

Endothelial immunostains such as factor VIII, D2-40, and CD34 may be identified within endothelial and 
pseudocysts (33,47,50,51). Basement membrane stains including collagen IV and laminin have also been shown 
to be expressed within these two types of adrenal cysts (50,51,52). 


Differential Diagnosis 

Adrenal tumors, including adrenal cortical adenoma, adrenal cortical carcinoma, pheochromocytoma, and 
neuroblastoma, can mimic adrenal cysts (32,33,34). The cyst type associated with adrenal tumors is almost 
always a pseudocyst (32,33). Careful histologic inspection of the cyst wall and cyst contents for neoplastic 
tissue is critical. 


MYELOLIPOMA 


Microscopic Features 
A myelolipoma is a rare lesion composed of mature adipose and hematopoietic elements that is not thought to be 
a true neoplasm (Fig. 10.10) (53). The most common location for a myelolipoma is within the adrenal 


gland. Due to the presence of adipose tissue, the diagnosis is usually made radiologically, although if imaging is 
indeterminate, a biopsy can occur (3,54,55). Biopsies may be quite hemorrhagic, making identification of 
hematopoietic elements difficult (Fig. 10.11). 
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FIGURE 10.10 Myelolipoma in an adrenalectomy specimen. Hematopoietic elements are seen with a peripheral 
rim of adrenal cortex. 
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FIGURE 10.11 Adrenal core biopsy of a myelolipoma. The core is hemorrhagic, making identification of 
hematopoietic elements difficult. 


Ancillary Studies 
Megakaryocytes or other hematopoietic cells may appear usual and could mimic malignant cells. Histochemical 
(chloroacetate esterase) or immunostains (CD45, CD15) can be used to highlight hematopoietic cells (53,56). 


Differential Diagnosis 

It is difficult to be sure that the lesion has been sampled if only mature adipose is present. Careful 
examination of the tissue for adrenal cortical tissue corroborates the location of the biopsy, whereas the 
presence of immature erythroid or myeloid cells and megakaryocytes confirms the diagnosis of myelolipoma 
(eFig. 10.7). Myelolipomatous foci may be present in association with other adrenal tumors such as cortical 
adenoma, adrenocortical carcinoma, and pheochromocytoma (56). 


PHEOCHROMOCYTOMA 


Pheochromocytoma is a paraganglioma arising within the adrenal medulla and is composed of chromaffin cells. 
Pheochromocytoma comprises approxi mately 7% of primary adrenal tumors and one-quarter of tumors —  —— 
found in adrenalectomy specimens (57,58). Sporadic tumors typically present in the fifth decade, whereas 
familial cases occur earlier (59). Classic signs and symptoms include headaches, sweating, paroxysmal 
hypertension, palpitations, tachycardia, and postural hypotension. Patients with a suspected pheochromocytoma 
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undergo urine and serum catecholamine analysis, as the tumors can secrete noradrenaline, adrenaline, and/or 
dopamine (60). The diagnosis of pheochromocytoma can usually be confirmed using imaging, as the tumor has a 
high intensity, hypervascular appearance on T2-weighted magnetic resonance imaging (MRI), with over 90% of 
pheochromocytomas diagnosed without microscopic examination (61,62). Manipulation of the tumor via 
arteriography or needle biopsy is generally contraindicated, as this can precipitate a hypertensive crisis unless 
adrenergic blockade is given. Although the tumor should not be sampled, biopsying unsuspected 
pheochromocytomas have been reported (3,54,55,63,64,65,66,67,68) (Fig. 10.12). Of note, numerous other 
adrenal lesions can produce pheochromocytoma-like symptoms as well as catecholamine elevation (“ 
pseudopheochromocytomas") (69,70,71,72,73,74,75,76,77). 


Microscopic Features 


Microscopically, pheochromocytomas have a nested ("zellballen") or trabecular growth pattern (Fig. 10.13). 
Large, polygonal cells with abundant basophilic to eosinophilic finely granular cytoplasm comprise the tumor 

P.200 
(eFig. 10.8). Eosinophilic hyaline globules are occasionally identified within the cytoplasm. The nuclei are large, 
round to oval, and usually have prominent nucleoli (Fig. 10.14). Nuclear pseudoinclusions can be seen. Rarely, 
these tumors will contain ganglion cells or neural cells forming areas that resemble neural tumors such as 
ganglioneuroma, ganglioneuro-blastoma, 
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or neuroblastoma, and these tumors are classified as composite pheochromocytomas (Fig. 10.15, eFig. 10.9). 
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FIGURE 10.12 Adrenal core biopsies of pheochromocytoma. A: Pheochromocytoma on the right and adjacent 
adrenal cortex on the left. This biopsy was misdiagnosed as an adrenal cortical tumor. B: Pheochromocytoma 
with nuclear atypia. This biopsy was misdiagnosed as poorly differentiated carcinoma. 
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FIGURE 10.12 (Continued) 
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FIGURE 10.13 Pheochromocytoma with characteristic nested growth pattern. Cells range in size from medium to 
large. 
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FIGURE 10.14 Pheochromocytoma. Nuclei are large with prominent nucleoli. 


Most pheochromocytomas are benign, but 1096 to 2096 are malignant. Predicting the behavior of 
pheochromocytoma is difficult. Histologic features associated with malignancy include involvement of the 

P.202 
periadrenal adipose tissue, capsular invasion, vascular invasion, mitotic figures (benign tumors typically average 
no more than 1 mitosis per 30 high-power fields), atypical mitoses, necrosis, cellular spindling, diffuse growth, 
high cellularity, cellular monotony, and marked nuclear pleomorphism (Fig. 10.16, eFig. 10.10) (78). It is difficult 
to determine the 

P.203 
malignant potential of a tumor even after resection and therefore this is not possible upon biopsy (eFig. 10.11). 
Composite pheochromocytomas are described to have similar prognosis as classic pheochromocytomas (79). 
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FIGURE 10.15 Ganglioneuromatous area with spindle and ganglion cells with adjacent pheochromocytes in a 
composite pheochromocytoma. 
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FIGURE 10.16 Histologic features within pheochromocytomas that are concerning for malignancy. A: Diffuse 
growth, mitotic activity, and nuclear atypia. B: Cellular spindling. C: Periadrenal adipose invasion. D: 
Lymphovascular invasion. 
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FIGURE 10.16 (Continued) 


Ancillary Studies 
Pheochromocytomas have high expression of synaptophysin and chromogranin A and S100 is positive in 


Inhibin alpha, calretinin, and Melan-A are usually not expressed, and if reactivity is seen, it is usually foal and 
weak (6,7,8,10,13). Within a biopsy, liberal use of immunostains is recommended if a pheochromocytoma is a 
possibility, as missing this diagnosis has potentially life-threatening consequences during surgery (Fig. 10.12). 


Differential Diagnosis 


Mistaking pheochromocytoma for adrenal medulla is a described diagnostic pitfall, and this may be difficult if 
the biopsy material is limited (3,84). However, a uniform population of basophilic cells resembling the 
adrenal medulla with the clinical history of an adrenal mass should raise suspicion for pheochromocytoma. 
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Adrenal cortical adenoma and carcinoma may also be a part of the differential diagnosis (Fig. 10.12). 
Cortical tumors will be composed of smaller, less basophilic cells. If there is doubt, performing a panel of 
immunostains including synaptophysin, chromogranin, and S100 which are positive in pheochromocytoma 
and negative in adrenal cortical tumors and Melan-A, inhibin, and calretinin, which are negative in 
pheochromocytoma and positive in adrenal cortical tumors will allow for resolution in a challenging case. 


OTHER RARE ADRENAL TUMORS 


Numerous tumors more common in other locations rarely occur in the adrenal gland. Benign lesions include 
adenomatoid tumor, hemangioma, and leiomyoma and have similar histology to their counterparts in other sites. 
There are approximately 30 cases in the literature of adenomatoid tumor of the adrenal, reported to occur more 
frequently in men (85). Hemangioma within the adrenal typically has a cavernous morphology (86,87). The 
distinction between an adrenal vascular cyst and a cavernous hemangioma is somewhat arbitrary due to the 
considerable overlap in histologic features and there is no clinical difference. Less than 20 cases of adrenal 
leiomyoma have been described. The tumors occur both in adults and children, are more common in women, and 
are associated with HIV/AIDS and/or latent Epstein-Barr virus infection (88). 


Rare malignant tumors or tumors with malignant potential primary to the adrenal gland include angiosarcoma, 
leiomyosarcoma, schwannoma, neurofibroma, malignant peripheral nerve sheath tumor, and melanoma. For 
these rare tumors, it may be difficult to establish that the adrenal is truly the primary source of the tumor, and, of 
course, this is not possible within a biopsy. In our experience, most adrenal biopsy specimens containing these 
rare malignant tumors have actually been retroperitoneal biopsies (with an uninvolved adrenal gland) or have 
involved the adrenal via direct extension from a retroperitoneal mass or metastases. Malignant melanoma and 
sarcoma secondarily involving the adrenal are discussed in Chapter 11. 
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11 
Adrenal Metastases 


Debra L. Zynger 


The most frequent entity encountered in an adrenal biopsy is metastatic carcinoma (1,2). Despite the small size, 
the adrenal is a common location for metastases. An adrenal biopsy in this clinical scenario is performed to stage 
and/or obtain diagnostic tissue. Adrenal core needle biopsy and fine needle aspiration have a high specificity for 
corroborating suspected metastasis to the adrenal gland (2,3,4,5,6). Sensitivity is lower, due in most part to 
sampling error (2). Although the majority of patients have a history of a nonadrenal primary tumor, the prior 
diagnosis of carcinoma may not be provided with the adrenal gland specimen (2). Additionally, unsuspected 
metastases have been detected in adrenal biopsy specimens (2,7). 


METASTATIC LUNG CARCINOMA 


In the first half of the 20th century, a large autopsy series identified breast (54%) as the most frequent carcinoma 
in adrenal metastases, followed by lung (36%) (8). In the latter half of the century, based on autopsies, 
adrenalectomies, and fine needle aspiration biopsies, the lung was found to be the most frequent metastatic 
carcinoma to the adrenal (35%), occurring at more than double the frequency of any other site, with the next 
most common sites being stomach, 14%; esophagus, 12%; and hepatobiliary, 11% (9). This change is reflected 
in adrenal biopsies, as /ung carcinoma accounts for the majority of metastatic carcinoma encountered (46% to 
75%) and is also the overall most frequent diagnosis (38%) rendered for these specimens (2,4,5,10,11). 


The most important prognostic factor in lung non-small cell carcinoma is surgical resectability (12,13). Adrenal 
metastases are usually as-ymptomatic and occur in 2% to 3% of patients with otherwise resectable pulmonary 
non-small cell carcinoma (14,15). Imaging in this cohort there-fore must include the adrenal glands. If a 
suspicious lesion is detected in the adrenal gland, biopsy confirmation may be performed, particularly if the 
adrenal is the sole site of possible metastases. Diagnosing metastatic lung carcinoma has multiple roles in 
clinical management for these patients. If the lesional biopsy is found to contain adrenal cortex (nonneoplastic 
tissue/adrenal 
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cortical adenoma), staging is complete and the patient may undergo lung resection (14,15,16). For patients in 
which the adrenal is the only suspected site of metastatic spread, adrenalectomy should be considered, as with 
a complete surgical resection, a 5-year survival can be seen in 23% to 38% of patients (13,17,18,19). 
Approximately two-thirds of adrenal metastases are discovered synchronously with the lung primary and two- 
thirds are homolateral, with minimal difference in long-term survival based on timing of discovery or laterality of 
the adrenal tumor (13,19). An emerging reason to obtain tissue cores may be for molecular testing. In the past 2 
years, 40% of our adrenal needle core specimens diagnosed with metastatic lung carcinoma have had molecular 
testing as a part of routine patient care, including analysis of KRAS, EGFR, and ALK, and rarely c-Met and ROS. 


Whereas in the past, a diagnosis of non-small cell carcinoma was sufficient, at this time, further classification 
using histologic and/or immunohistochemical expression is desirable whenever possible. In our experience over 
the last 5 years, the type of lung carcinoma present in adrenal core biopsies was 70% adenocarcinoma, 17% 
squamous cell carcinoma, 7% non-small cell (not further specified in either the adrenal core or the lung specimen 
if obtained), 3% small cell carcinoma, and 3% adenosquamous cell carcinoma (Fig. 11.1). This is similar to data 
from other published series from adrenal biopsies, adrenalectomies, and autopsy findings (4,9,13). The higher 
frequency of lung adenocarcinoma in adrenal biopsies compared to other histologic subtypes may be in part 
attributable to two factors. First, in the United States, adenocarcinoma is the most frequent type of lung 
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carcinoma, and second, adenocarcinoma more commonly presents with distant disease relative to other lung 
histologies (20,21). 
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FIGURE 11.1 Types of lung carcinoma present within adrenal core biopsies from 2009 to 2013 at The Ohio 
State University Medical Center. 
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Lung Adenocarcinoma 

Lung adenocarcinoma is a malignant epithelial tumor composed of glands or cells with mucin production. These 
tumors may display a variety of growth patterns such as acinar or papillary, but within the adrenal metastasis 
these patterns may not be appreciable and are not relevant for clinical management (Figs. 11.2 and 11.3). The 
presence of malignant tumor with any suggestion of gland formation or mucin production within an adrenal 
biopsy should precipitate a workup to evaluate for metastatic carcinoma and specifically address lung 
adenocarcinoma if there is no prior history of carcinoma. Of note, adrenal cortical tumors may have a myxoid 
back-ground and pseudoglandular growth, mimicking adenocarcinoma (22,23,24). 


Immunostains to be performed may include markers which are expressed in lung adenocarcinoma (CK7, TTF-1, 
and Napsin A), those expressed within adrenal cortical tumors (inhibin alpha, calretinin, Melan-A, steroidogenic 
factor-1 [SF-1] and synaptophysin), and markers to cover other entities within the differential diagnosis (broad 
spectrum keratin, CK20, etc). Nuclear expression of TTF-1 is seen in 60% to 96% of lung adenocarcinoma, 
whereas neither cytoplasmic nor nuclear reactivity has been reported in adrenal cortical carcinoma (eFig. 11.1) 
(25,26,27,28). Napsin A is positive in 80% to 90% of lung adenocarcinomas but also shows weak to moderate 
cytoplasmic staining in 10% of adrenal cortical tumors (eFig. 11.2) (29). Cytokeratin expression in adrenal 
cortical tumors is low (30,31). Inhibin alpha has reliable reactivity in adrenocortical tumors but also has variable 
expression in lung adenocarcinoma, with 
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some cases demonstrating diffuse positivity (32,33,34,35). Similarly, calretinin is reactive in adrenal cortical 
neoplasms, but approximately 10% of lung adenocarcinoma can be positive (36,37,38,39,40). Melan-A (clone 
A103) expression is consistent in adrenal cortical tumors with no reactivity in primary lung adenocarcinoma or 
lung carcinoma metastatic to the adrenal gland (41). 
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FIGURE 11.2 This adrenal core is almost entirely replaced with metastatic lung adenocarcinoma. Gland 
formation is evident. 
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FIGURE 11.3 Well-formed glands comprising metastatic lung adenocarcinoma are seen on the right with 
adjacent adrenal cortex on the /eft. 


Lung Squamous Cell Carcinoma 


Squamous cell carcinoma of the lung has histology comparable to other sites of the body. Well-differentiated 
squamous cell carcinoma will have very well-demarcated intercellular bridges and/or keratinization. In less 
differentiated tumors, these histologic features may not be present. There-fore, adrenal core biopsies containing 
metastatic squamous cell carcinoma originating from the lung may or may not have identifiable squamous cell 
features. Typically, the biopsy contains an infiltrate of nests of pleomorphic cells with moderate to abundant 
densely eosinophilic cytoplasm, brisk mitotic activity including atypical mitotic figures, macronucleoli, and 
prominent cell membranes (Figs. 11.4 and 11.5). Squamous pearls and keratinization are less common. 
Immunostains are helpful to resolve difficult cases. Almost all pulmonary squamous cell carcinoma is reactive 
with p63, although positivity can occasionally be seen in lung adenocar-cinoma (9% to 30%) and small cell 
carcinoma (31% to 77%) (eFig. 11.3) (42). CK5 or CK5/6 are consistently positive in pulmonary squamous cell 
carcinoma and are rare in lung adenocarcinoma; however, expression can be seen in adrenal cortical tumors 
(eFig. 11.4) (37,40,43,44). Regarding 
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adrenal markers, calretinin is positive in 4096 of pulmonary squamous cell carcinoma, whereas inhibin alpha is 
not expressed (eFig. 11.5) (35,45). Importantly, squamous cell carcinoma from other locations should be 
considered, especially if there is no history of a lung tumor or in a patient with multiple lung nodules that might be 
metastases from another site as there is no way to histologically or immunohistochemically differentiate 
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squamous cell carcinoma from different organs. 


FIGURE 11.4 Most of the adrenal core contains nests of metastatic lung squamous cell carcinoma. The cells 
have abundant densely eosinophilic cytoplasm, macronucleoli, and prominent cell membranes. 
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FIGURE 11.5 A nest of metastatic lung squamous cell carcinoma is surrounded by adrenal cortex. The tumor has 
easily identifiable mitotic figures, prominent cell membranes, and macronucleoli. 


Lung Small Cell Carcinoma 

Pulmonary small cell carcinoma is a malignancy composed of small cells with minimal cytoplasm, poorly defined 
cell borders, nuclear molding, fine chromatin, inconspicuous nucleoli, high mitotic activity, and necrosis. 
Metastatic small cell carcinoma is infrequently encountered in an adrenal core biopsy. Tumor in an adrenal core 
will show infiltrating nests to sheets of cells with small cell morphology (Figs. 11.6 and 11.7, eFig. 11.6). If 
morphology and clinical history are insufficient to yield a definitive diagnosis, immunostains can be performed. 
Small cell carcinoma expresses neuroendocrine markers including synaptophysin, chromogranin, and CD56 as 
well as TTF-1. Neuroendocrine markers have expression overlap between adrenal cortical tumors 
(synaptophysin), pheochromocytoma (chromogranin, synaptophysin), and small cell carcinoma. Inhibin is not 
expressed in pulmonary small cell carcinoma (35). As with squamous cell carcinoma, if small cell carcinoma is 
encountered in a patient without a history of a pulmonary primary, sources other than the lung should be 
considered. 
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FIGURE 11.6. Metastatic lung small cell carcinoma infiltrate within an adrenal core biopsy. 
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FIGURE 11.7 Nests and clusters of metastatic lung small cell carcinoma surrounded by residual adrenal cortex. 
The tumor has classic small cell morphology with minimal cytoplasm, nuclear molding, and fine chromatin. 
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FIGURE 11.8 Metastatic adenosquamous cell carcinoma from the lung. Glands are present and are composed of 
cells with dense eosinophilic cytoplasm and distinct cell membranes. Both p63 and CK5/6 were positive, 


whereas TTF-1 was negative. 


Lung Adenosquamous Carcinoma 
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Rarely, lung tumors show evidence of glandular and squamous differentiation and are thus classified as 
adenosquamous carcinoma (Fig. 11.8). Typically, the tissue in an adrenal gland biopsy is insufficient to identify 
both morphologies, although either by morphology or immunohistochemistry, both types of differentiation may be 


suggested. 


Lung Non-Small Cell Carcinoma 


In the majority of cases, morphology, immunohistochemistry, and/or comparison of the tumor to a previous 
primary do suggest a specific lung tumor classification. However, occasionally, it is only possible to exclude small 
cell carcinoma and not have evidence of differentiation into adenocarcinoma or squamous cell carcinoma. It is 
therefore appropriate in these cases to render a diagnosis of non-small cell carcinoma. These tumors with further 
sampling of the primary tumor may prove to be poorly differentiated adenocarcinoma or squamous cell carcinoma 


or may represent undifferentiated large cell carcinoma. 


METASTATIC RENAL CELL CARCINOMA 


Although not as common as metastatic lung carcinoma, metastatic renal cell carcinoma within an adrenal core 
biopsy is occasionally encountered (1,2). The role of performing an adrenalectomy for isolated renal cell 
carcinoma metastasis has yet to be fully elucidated. However, several studies have demonstrated that 
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adrenalectomy for an isolated renal metastasis is a safe procedure (46,47 ,48,49,50,51). A few reports have 
documented improved survival after adrenalectomy, including some patients with long-term survival and 
presumed cure (46,48,51). In comparison with other primary sources of tumor, patients with isolated adrenal 
metastasis containing metastatic renal cell carcinoma may have better outcomes (51,52). Therefore, 
adrenalectomy for isolated renal metastasis is a reasonable approach, and identifying metastatic tumor in 
adrenal core biopsies in this setting is clinically relevant. 


In our experience, approximately 80% of the renal cell carcinoma metastases are clear cell subtype, with the 
remainder unclassifiable or papillary subtype within an adrenal core biopsy (Fig. 11.9). Clear cell renal cell 
carcinoma usually has the same histology as seen in primary tumors. Delicate vessels percolate through the 
tumor which is composed of clear to eosinophilic granular cytoplasm surrounded by distinct cell membranes. The 
presence of minimal tumoral tissue, fragmentation, and crush in an adrenal core biopsy can hamper 
interpretation (Fig. 11.10), and there is considerable overlap between nonneoplastic adrenal cortex, adrenal 
cortical carcinoma, and clear cell renal cell carcinoma (Fig. 11.11). Misinterpretation of metastatic clear cell renal 
cell carcinoma as adrenal cortex has been reported (2). Key histologic features that can be helpful are the 
presence of monotonous, uniform cells containing very 

P.218 
regular, small vacuoles in nonneoplastic adrenal cortex. In comparison, clear cell renal cell carcinoma has more 
heterogeneity, and if cytoplasmic vacuolization is seen, they are less uniform. Eosinophilic clear cell renal cell 
carcinoma can also be challenging to differentiate from adrenal cortex in a core biopsy. Metastatic clear cell renal 
cell carcinoma will have a higher nuclear to cytoplasmic ratio, and nonneoplastic adrenal cortex will have uniform 
and more centrally placed nuclei (Fig. 11.12). Adrenal 
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cortical carcinoma may show more pleomorphism than clear cell renal cell carcinoma and lacks the background 
delicate vasculature. High-grade metastatic clear cell renal cell carcinoma can be difficult to histologically 
differentiate from adrenal cortical carcinoma, as classic histologic features may not be present (Fig. 11.13). 
Additional differential diagnoses for clear cell renal cell carcinoma are discussed within Chapter 3. 
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FIGURE 11.9 Types of metastatic renal cell carcinoma present within adrenal core biopsies from 2001 to 2013 at 


The Ohio State University Medical Center. 
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FIGURE 11.10 Metastatic clear cell renal cell carcinoma. The presence of minimal tissue and crush can obscure 
classic histologic features. 
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FIGURE 11.11 Metastatic clear cell renal cell carcinoma (right) histologically mimics adrenal cortex (left). Adrenal 
cortex has more homogeneous vacuolization and round, more monotonous nuclei in comparison to clear cell 
renal cell carcinoma. 
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FIGURE 11.12 Metastatic eosinophilic clear cell renal cell carcinoma (bottom core) is difficult to distinguish from 
adrenal cortex (top core). Clear cell renal cell carcinoma has more delicate vasculature, whereas the adrenal 
cortical tissue has more round, homogeneous nuclei. 
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FIGURE 11.13 Metastatic high-grade clear cell renal cell carcinoma within an adrenal core biopsy. A few 
remaining nonneoplastic adrenal cortical cells with abundant vacuolated cytoplasm are present. High-grade clear 
cell renal cell carcinoma may lack characteristic histologic features. 


Immunostains can be performed if necessary. Strong and diffuse cytoplasmic carbonic anhydrase IX (CA-IX) 
reactivity is seen in clear cell renal cell carcinoma, but only focal cytoplasmic positivity is present in 
nonneoplastic adrenal cortex (eFig. 11.7) (53,54). Membranous CA-IX is very rare in adrenal cortical adenoma 
but may be present in adrenal cortical carcinoma (55). PAX8 has been described to have nuclear positivity in 
over 80% of clear cell renal cell carcinoma but is negative in adrenal cortical lesions (eFig. 11.8) (53). The 
adrenocortical markers inhibin alpha, calretinin, and Melan-A are reactive in 80% to 90% of adrenal cortical 
lesions but only 10% of clear cell renal cell carcinoma (eFig. 11.9) (53). SF-1 is reported to be more specific for 
adrenal cortical lesions with positivity in 86% of cases and no reactivity in clear cell renal cell carcinoma (53). 


METASTASES FROM OTHER TYPES OF CARCINOMA 


In addition to lung and kidney, a wide variety of metastatic carcinomas have been identified in adrenal core 
biopsies. Origins have included breast, pancreas, colorectum, bladder, liver, esophagus, ovary, and prostate 
P.221 
(Figs. 11.14, 11.15, 11.16, 11.17) (1,2). Correct classification of these tumors involves obtaining both the clinical 
history of the primary tumor and adequate tissue for histomorphologic evaluation. However, history is frequently 
lacking and the adrenal core may be the first tissue biopsied in a patient with suspected widespread metastatic 
tumor due to the ease of access of the adrenal gland. Furthermore, cases are encountered in which the tumor 
P.222 
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was Clinically suspected to be an adrenal primary, but metastatic carcinoma was identified (Fig. 11.16). 


FIGURE 11.14 Metastatic lobular breast carcinoma within an adrenal core biopsy. 
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FIGURE 11.15 Metastatic colonic adenocarcinoma with surrounding residual adrenal cortex. 
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FIGURE 11.16 Metastatic hepatocellular carcinoma with residual adrenal medulla on the /eft. This tumor was 
clinically thought to be adrenal cortical carcinoma. Histologically, both of these tumors show considerable 
overlap. 
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FIGURE 11.17 Metastatic prostatic adenocarcinoma in an adrenal core biopsy. Tumor with glandular lumen and 
prominent nucleoli is on the /eft and remaining adrenal cortex is on the right. 


Tumoral tissue should be carefully inspected for architectural growth pattern, the presence of glandular or 
squamous differentiation, and cytologic details. Hepatocellular carcinoma with its eosinophilic trabeculae mimics 
adrenal cortical carcinoma, and as previously stated, adrenal cortical tumors can have myxoid and/or 
pseudoglandular features, thus mimicking metastatic carcinoma (22,23,24). Immunohistochemical workup using 
adrenal cortical markers, CK7, CK20, and other organ-specific antibodies should be undertaken if the diagnosis 
is uncertain. Certain adrenal cortical markers are expressed in nonadrenal tumors. For example, inhibin alpha is 
often positive in hepatocellular carcinoma, an additional pitfall in the distinction between adrenal cortical 
carcinoma and hepatocellular carcinoma as both are CK7 and CK20 negative (54). 


METASTATIC MALIGNANT MELANOMA 


Metastatic malignant melanoma is encountered in 2% to 5% of adrenal biopsies (1,2,4). Diagnosis of a 
metastasis in the adrenal gland may result in adrenalectomy. Adrenalectomy for isolated metastatic melanoma is 
reported to improve survival, although outcome is usually still poor (51,52,56,57,58,59). The histology of 
metastatic malignant melanoma is comparable with tumor in other locations. Sheets or interspersed highly 
pleomorphic cells with large nuclei, prominent nucleoli, mitotic figures, and necrosis are present (Figs. 11.18, 
11.19, 11.20). There is frequently a known 
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primary, but occult tumors have been detected via an adrenal biopsy. Immunostains can be performed. Both 
adrenocortical lesions and metastatic melanoma are reactive to Melan-A. Markers such as calretinin, inhibin, 
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$100, and synaptophysin are useful for this differential (60). 


FIGURE 11.18 Metastatic malignant melanoma within an adrenal core biopsy. Sheets of pleomorphic malignant 


cells are present. 
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FIGURE 11.19 Metastatic malignant melanoma cells interspersed within adrenal cortex. 
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FIGURE 11.20 Atypical cells with prominent nucleoli and mitotic figures of metastatic malignant melanoma within 
a background of adrenal cortex. 
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FIGURE 11.21 Metastatic leiomyosarcoma from the uterus. Remaining adrenal cortex is seen at the bottom of 
the photo. 


SARCOMA 


Sarcoma is very rare in adrenal core biopsies, encountered in 196 to 296 of cases (2,4). Secondary tumor 
involves the adrenal via metastasis or direct extension of a retroperitoneal tumor. Sarcomas secondary to the 
adrenal that have been reported include rhabdomyosarcoma, synovial sarcoma, osteosarcoma, malignant fibrous 
histiocytoma, liposarcoma, leiomyosarcoma, angiosarcoma, hemangiopericytoma, and gastrointestinal stromal 
tumor (9,61,62,63,64,65,66,67,68,69,70) (Fig. 11.21). It may be difficult on imaging to clearly identify involved 
structures, and specimens submitted as adrenal tissue may be extra-adrenal in origin (Fig. 11.22) (71). 


LYMPHOMA 


Secondary involvement of Hodgkin disease and non-Hodgkin lymphoma occurs and may be biopsied to rule out 
an adrenal primary or for an occult lymphoma. Lymphoma has been reported to occur in 296 to 496 of adrenal 
biopsies (1,2,4) (Fig. 11.23). Adrenal gland involvement by lymphoma is not uncommon, occurring in up to 25% 
of patients, but as imaging has 

P.226 
high sensitivity and specificity in the hands of experienced radiologists, tissue confirmation may not be needed in 
most cases (72,73). In our experience, the most commonly encountered type of lymphoma in an adrenal core 
biopsy is diffuse large B-cell lymphoma, although lymphoma in adrenal core biopsies is poorly described in the 
published literature. 
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FIGURE 11.22 Rhabdomyosarcoma. Although the specimen was submitted as an adrenal gland biopsy, no 
adrenal tissue was present. 
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12 
Pediatric Renal Tumors and Neuroblastoma 


Satish K. Tickoo 


RENAL TUMORS 


Renal tumors in children are uncommon and constitute a clinicopathologic spectrum quite different from that in 
the adults. Each year, approximately 500 new cases are diagnosed in the United States. These relatively small 
numbers make it very difficult for most pathologists to be familiar with their proper diagnosis. Staging for renal 
tumors is based on National Wilms Tumor Study Group (NWTSG) and its successor, the Children's Oncology 
Group (COG) staging system, and International Society of Paediatric Oncology (SIOP) system, particularly in 
Europe (1,2,3,4). In both the COG and SIOP protocols, biopsies of the renal tumors are not recommended, and 
tumors are upstaged to stage Ill if any biopsies are performed on them. This is based on the assumption that 
preresection biopsies are highly likely to lead to tumor spillover into the abdominal cavity. However, studies by 
United Kingdom Children's Cancer Study Group (UKCCSG) in which needle core biopsies were performed 
preoperatively on suspected Wilms tumors indicate that percutaneous biopsy of such masses is relatively safe 
and effective (5). Management of the tumors under COG and SIOP protocols differ significantly. The COG 
approach relies on primary nephrectomy followed by further therapy based on the pathologic evaluation of the 
specimen (1), whereas the SIOP protocol advocates preoperative chemotherapy first, followed by surgery, and 
further therapy based on stage and histology, and risk stratification of the residual mass (3). The diagnosis in 
SIOP protocols is primarily based on characteristic imaging features of the tumor. On the other hand, UKCCSG 
in the United Kingdom recommends a needle core biopsy for the initial diagnosis, followed by chemotherapy and 
subsequent SIOP-based management (5). Thus, performance of needle core biopsies of renal tumors in 
children, in general, is very infrequent. However, biopsies may be performed in masses for diagnosis of tumors in 
patients with advanced disease before instituting preoperative chemotherapy, and for documentation of 
metastases/recurrence or contralateral disease (6), even under COG protocols. 
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Although Wilms tumor constitutes an overwhelming majority of renal tumors in pediatric age group, its 
differentiation from other tumor types is an absolute necessity, as chemotherapeutic options are significantly 
different among different tumor types. 


WILMS TUMOR/NEPHROBLASTOMA 


Wilms tumor constitutes approximately 87% of all renal masses in the pediatric age group (7,8). The peak 
incidence is between 2 and 3 years of age, with 9896 of cases occurring in children younger than 10 years of 
age. On radiologic imaging, most of these appear as well-circumscribed solid tumors with a pseudocapsule, 
distorting the renal parenchyma and collecting system (9). Only the pure blastemal or blastema predominant type 
of the tumor may have an infiltrative margin. Thus, imaging allows for a presumptive diagnosis of Wilms tumor in 
most cases. 


Wilms tumor typically shows a triphasic morphology—blastemal, epithelial, and stromal (Fig. 12.1A)—many may 
show preponderance (Fig. 12.1B) or exclusive presence of only one component. Blastemal component is 
composed of closely packed, small blue round cells with scant cytoplasm, evenly distributed coarse chromatin, 
and no, or at the most small, nucleoli. Prominent mitoses, apoptotic figures, and nuclear overlap are 
characteristic (Fig. 12.2A). Epithelial component shows variable differentiation toward tubules (Fig. 12.2B) or 
glomeruli (Fig. 12.2C) and can range 
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from primitive rosette-like tubules to well-formed maturing and mature tubules, ill-formed glomerular structures, 
and variable papillary architecture (Fig. 12.2D). Occasionally, mucinous or squamous differentiation may also be 
present. Tumors with extensive heterologous differentiation are designated “teratoid Wilms tumor" by some. 
Mesenchymal component usually consists of nondescript spindle cells (Fig. 12.1A), but smooth muscle, 

skeletal muscle (Fig. 12.25), or fibroblastic differentiation is not infrequent. Occasionally, fat, cartilage, bone, 
ganglion cells, or neuroglia may be present. 
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FIGURE 12.1 Wilms tumor/nephroblastoma. A: A tumor with typical triphasic histology showing the blastemal, 
epithelial, and stromal components. B: Another tumor containing only the blastemal and epithelial components 
(biphasic). 
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FIGURE 12.1 (Continued) 
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FIGURE 12.2 Wilms tumor. A: Typical histology of blastema. B: Epithelial component composed of primitive 
tubules. C: Better differentiated tubules and attempted glomerular formation (arrow). D: Papillary architecture in 
the epithelial component. E: Rhabdomyomatous differentiation in the stromal component. 
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FIGURE 12.2 (Continued) 
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FIGURE 12.2 (Continued) 


One of the most important pathologic contributions influencing the management of Wilms tumor in the resection 
specimens is the determination of “favorable” or “unfavorable” histology (1,4). Approximately 5% of Wilms tumors 
show diffuse anaplasia in the resection specimens. Features of anaplasia include markedly enlarged tumor cell 
nuclei with hyperchromasia and multipolar mitotic figures (Fig. 12.3). Anaplasia is rare before 2 years of age but 
involves 13% of tumors beyond age 5 years (10). Anaplasia correlates with resistance to chemotherapy and with 
p53 mutations in the tumor (1,3,4). However, only diffuse anaplasia is clinically/therapeutically important. Its 
differentiation from focal anaplasia is essential. Because of the diagnostic complexities associated with 
determination of diffuse versus focal anaplasia, as well as the limitation of only limited amount of tumor being 
sampled, needle biopsies may not be particularly useful in this determination (5,6). However, it is essential that 
the presence of anaplasia be reported when observed in needle core biopsies. Reporting of anaplasia is also 
important in posttherapy specimens. Posttherapy tumors with anaplasia or blastemal type histology are both 
regarded as high-risk tumors in SIOP protocols and are consequently managed with more aggressive 
subsequent therapies (3). 
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Ancillary Studies 

Immunohistochemical support may be needed particularly on needle core biopsies, mainly in tumors composed of 
blastemal elements alone, but 

sometimes also in others (11). WT1 often, although not always, shows immunoreactivity usually limited to 
blastemal and epithelial elements; stromal components are mostly negative (Fig. 12.4). Blastemal cells may 
sometimes label for desmin, but other muscle markers such as actin, myogenin, and myoD1 are negative (12). 
Cytokeratin is usually negative or at the most focally positive in blastema but is usually positive in epithelial 
components. Recently, the stem cell marker SALL4 was also reported to be expressed in the tumor (13). 
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FIGURE 12.3 Wilms tumor with anaplasia. 
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FIGURE 12.4 Immunohistochemical stain for WT1 staining the blastemal and epithelial components, but not the 
stroma. Positivity in glomeruli acts as internal positive control. 


Differential Diagnosis 
Blastemal Wilms tumor requires differentiation of from other small blue round cell tumors, including 
neuroblastoma, rhabdomyosarcoma, and primitive neuroectodermal tumor (PNET). The presence of nuclear 
molding, early tubular differentiation with organized nuclear alignment around early lumina is typical of 
nephroblastoma, and the presence of any true tubular lumina always favors Wilms tumor. Presence of the 
fibrillary neuropil always supports a neuroblastoma. Immunohistochemical stains may be required in small 
biopsies to separate Wilms tumor from these other possibilities (neuroblastoma, 
synaptophysin/chromogranin+, WT1-; PNET, CD99-*, WT 1-; rhabdomyosarcoma, 
myogenin/myoD1/desmin+, WT 1-). 
Epithelial-predominant Wilms tumor needs to be differentiated from metanephric adenoma, and rarely solid 
and predominantly tubular, type 1 papillary renal cell carcinoma (RCC). Metanephric adenoma shows 
uniform, nonoverlapping nuclei with delicate chromatin and inconspicuous 
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nucleoli and marked paucity of mitotic figures. Immunostain for WT1 may be negative or weak and focally 
positive in metanephric adenoma compared to usually strong and diffuse in Wilms tumor. Papillary RCC, 
type 1, often shows foamy macrophages. Nuclei do not appear primitive and AMACR and CK7 are diffusely 
and strongly positive in type 1 papillary RCC, whereas WT 1 is usually negative. In Wilms tumor, AMACR is 
negative, CK7 is usually negative or at the most only focally positive, and WT1 shows diffuse and strong 
positivity. 
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Cellular mesoblastic nephroma can be mistaken for Wilms tumor. WT1 does not stain mesoblastic 
nephroma. Unlike Wilms tumor, malignant rhabdoid tumor shows prominent nucleoli and cytoplasmic 
inclusions. While WT 1 is negative in rhabdoid tumors, they also characteristically show lack of nuclear 
staining for BAF47 (INI1). Rarely, clear cell sarcoma may mimic Wilms tumor. However, clear cell sarcoma 
often shows a characteristic, branching “chiken-wire” like vasculature. The chromatin is relatively pale, and 
WT 1 is negative. 


Other important differential diagnostic possibilities for Wilms tumor are the hyperplastic or neoplastic 
nephrogenic cell rests. On limited material, such as a needle core biopsy, the distinction can be very difficult 
to be made based purely on cytoarchitecture. Presence of a pseudocapsule strongly favors Wilms tumor 
over a cell rest, as neither the hyperplastic nor the neoplastic cell rests show the presence of a well-formed 
pseudocapsule (14,15). Otherwise, the differentiation always needs clinical and radiologic support. 


CLEAR CELL SARCOMA 


Clear cell sarcoma of the kidney shows peak incidence between 2 and 3 years of age, although the range varies 
from 2 months to 14 years of age (16,17,18,19). Rare congenital cases have been reported, and occasional 
cases in adults have also been described (20). 


Typical morphologic features are present at least focally in about 90% of the tumors and consist of an almost 
evenly distributed network of vascular septa, with branching chicken-wire pattern (Fig. 12.5A), somewhat akin to 
that seen in myxoid liposarcoma and oligodendroglioma (16). These septations divide tumor into nests and cords 
of cells. The polygonal tumor cells typically have indistinct cell borders, and the nuclei show finely granular 
chromatin and inconspicuous nucleoli (Fig. 12.5B). The cells are often surrounded by pale, mucopolysaccharide- 
rich material that often creates the illusion of clear cytoplasm (Fig. 12.5B). Necrosis may occasionally be present 
and is considered as the only independent histologic factor for adverse prognosis. Along the periphery of the 
tumor, entrapped native renal tubules are often observed. 


Variant histologic patterns in the tumor are not very uncommon and are expected to create diagnostic difficulties 
on needle core biopsies as they often do in resection specimens. Such variant patterns may include 

P.239 
tumors with prominent myxoid stroma, or sclerosing, cellular, epithelioid trabecular, palisading (Verocay body- 
like), spindle cell, storiform, and anaplastic types. Although the histologic variants do not affect prognosis, they 
can make diagnosis very difficult on limited material (5). Clear cell sarcoma is one of the most common pediatric 
renal tumors that can be misdiagnosed on needle core biopsies (5). 
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FIGURE 12.5 Clear cell sarcoma. A: The characteristic pale appearance and the typical vasculature. B: The 
vasculature is often retained even in the cellular areas. 


Ancillary Tests 

The diagnosis is primarily based on histologic criteria, particularly the type of vasculature, as there are no 
specific immunohistochemical features for the tumor available at present (16). Immunohistochemical staining is 
mainly useful for excluding other renal tumors. The tumor cells are immunoreactive for vimentin and BCL-2. 
Stains for epithelial markers are almost always negative, as are WT1 and CD99. Immunoreactivity for p53 is 
consistently observed in tumors with anaplastic features only. Recurrent translocation between chromosomes 10 
and 17 has been reported in a few cases and was recently found to be present in 12% of clear cell sarcomas of 
the kidney (21). 


Differential Diagnosis 
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Unlike clear cell sarcoma, Wilms tumor shows coarse chromatin pattern, often with nuclear overlapping and 
molding. WT1 is also mostly positive in Wilms tumor. PNET can be differentiated by its positivity for CD99 
and FLI-1. Cellular mesoblastic nephromas can be distinguished from clear cell sarcoma with the lack of the 
chicken-wire-type vascular. The distinction may also be helped by the consistent positivity for smooth 
muscle actin (SMA) in mesoblastic nephroma. Unlike clear cell sarcoma, malignant rhabdoid tumor almost 
always shows very prominent nucleoli and frequent presence of cytoplasmic large inclusion. The consistent 
lack of nuclear positivity for BAF47 (INI1) in malignant rhabdoid tumor is also a very useful diagnostic aid. 


MALIGNANT RHABDOID TUMOR 


Malignant rhabdoid tumor of the kidney (MRTK) comprises approximately 2% of pediatric renal tumors, 
presenting at a mean age of 1 year (22,23,24). Approximately 80% of the cases are reported before the age of 2 
years; the tumors are virtually nonexistent after 5 years of age. Most of the cases present with stage lll or IV 
disease; an overwhelming majority of stage IV renal tumors that present by 7 months of life are MRTK. Tumors 
similar to that in the kidney also exist in extrarenal sites, including central nervous system (atypical 
teratoid/rhabdoid tumor) and soft tissue. Germline mutations of /N/7 are common in patients with apparent 
sporadic tumors as well as in familial rhabdoid tumor predisposition syndrome (25). 


Histologically, the tumor shows sheets of monotonous loosely cohesive large, ovoid to polygonal cells, with high 
nuclear grade, extensively infiltrating the renal parenchyma (Fig. 12.6A). The characteristic cytologic features 
include vesicular chromatin, prominent eosinophilic nucleoli, and intracytoplasmic hyaline, pink inclusions (Fig. 
12.6B). The inclusions may be sometimes difficult to find; looking for them around necrotic foci increases the 
likelihood of finding these inclusions. The tumor often shows brisk mitotic activity and areas of necrosis. Vascular 
invasion and 

P.241 

P.242 
extrarenal extension are quite common. Variant histologic features, often present in association with typical 
areas, include sclerosis, spindling, pseudopapillary formation, and cystic change, among others (22,23,24). 
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FIGURE 12.6 Malignant rhabdoid tumor of the kidney. A: The typically irregular infiltrative edges of the tumor. B: 
High-grade tumor cells with prominent nucleoli and cytoplasmic inclusions (arrows). C: The diagnostic lack of 
BAF47 (INI1) immunohistochemical nuclear staining in the tumor cells. Note the retained positivity in the 
background lymphocytes, stromal cell, and entrapped renal tubules. 
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FIGURE 12.6 (Continued) 


Ancillary Tests 

The most consistent immunohistochemical feature of these tumors is the lack of immunoreactivity for BAF47 
(INI1), which is both a very sensitive and highly specific finding for MRTK, among all pediatric renal tumors (Fig. 
12.6C). Recently, the stem cell marker SALL4, but not OCT4, was also reported to be expressed in the tumor 
(26). Nonspecific staining patterns, primarily due to trapping of antibodies within hyaline inclusions include dot- 
like positivity for vimentin, keratins, and epithelial membrane antigen (EMA). Ultrastructurally, the hyaline 
inclusions correspond to whorled intermediate filaments (24). 


Differential Diagnosis 

Renal medullary carcinoma may be confused with MRTK. However, patients with medullary carcinoma are 
often of older age, mostly have sickle cell trait, and the tumors usually show at least focal glandular and 
cribriform histology. While nuclear staining for BAF47 (INI1) is consistently lost in renal medullary carcinoma 
as well, keratins typically show stain strong positivity, unlike MRTK. Cellular mesoblastic nephroma often 
shows some spindle cell pattern and less invasive tumor periphery. BAF47 staining is retained in these 
tumors. Clear cell sarcoma of the kidney can also mimic a MRTK, but mostly lacks prominent nucleoli and 
retains positivity for BAF47. 


CONGENITAL MESOBLASTIC NEPHROMA 


It is the most common renal tumor in children in the first 3 months of life; greater than 90% of the tumors occur 
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within 1 year of age (27,28,29). The classic variant of congenital mesoblastic nephroma (CMN) shows no 
consistent genetic abnormality and may represent fibromatosis involving the kidney. But the cellular variant 
shows consistent t(12;15)(p13;q25) chromosomal translocation resulting in ETV6-NTRK3 gene fusion, the same 
translocation as seen in infantile fibrosarcoma (30). 


Histologically, CMN can be divided into three types: (a) classic type (24% of cases) that show intersecting 
bundles of spindle cells with minimal atypia and infrequent mitoses and resemble fibromatosis (Fig. 12.7A). Such 
tumors extensively infiltrate the adjacent renal parenchyma and renal sinus structures, usually in the form of 
fingerlike extensions. Dysplastic renal tubules and islands of cartilage are often seen trapped within tumor. (b) 
Cellular variant (66% of cases) that shows pushing border, dense cellularity, and numerous mitoses (Fig. 12.7B). 
Such tumors are morphologically quite similar to infantile fibrosarcoma. (c) Mixed variant (10% to 20% of cases) 
that shows combination of both the histologic patterns. 


Ancillary Studies 


CMN is often positive for desmin and/or SMA. CD34 is negative in the tumor. The cellular variant of CMN is not 
only morphologically similar 

to infantile fibrosarcoma, it also has the same characteristic translocation that is present in infantile fibrosarcoma 
—t(12,15)(p13;q25) which results in ETV6/NTRK3 fusion (30). 


FIGURE 12.7 Congenital mesoblastic nephroma. A: Classical variant with fibromatosis-like histology and 
extensively infiltrative tumor front. B: Cellular variant with infantile fibrosarcoma-like histology and circumscribed, 
pushing border. 
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FIGURE 12.7 (Continued) 


Differential Diagnosis 

Metanephric stromal tumor may mimic classic CMN. However, it usually does not present in the first year of 
life. lts margins are not as infiltrative as in classic CMN. In addition, metanephric stromal tumor shows 
dysmorphic vessels, juxtaglomerular apparatus hyperplasia, and concentric spindle cell proliferation around 
vessels and tubules. The stromal component in the metanephric stromal tumor is usually CD34 positive, 
unlike CMN. Clear cell sarcoma of the kidney may mimic cellular CMN. However, the cellular variant of 
CMN lacks chicken-wire-type vascular pattern of clear cell sarcoma. In addition, clear cell sarcoma of the 
kidney usually shows a combination of morphologic patterns within the same tumor. Occasionally, the 
stromal component of Wilms tumor may be difficult to differentiate from CMN on needle core biopsies. Wilms 
tumor is very rare in children younger than 6 months of age. It may also show the typical compressed 
pseudocapsule in the core biopsy in contrast to extensively infiltrating borders in CMN. Occasionally CMN 
may have unusually prominent nucleoli, raising suspicion of rhabdoid tumor of the kidney. However, unlike 
that seen in rhabdoid tumors, nuclear immunohistochemical positivity for BAF47 (INI1) is retained in CMN. 


METANEPHRIC TUMORS 


Metanephric Adenoma 


Although most metanephric adenomas are diagnosed in adults, occasional cases occur in the pediatric age 
group and have been reported in children even as young as 11 months of age (31). Metanephric adenoma is a 
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benign tumor with no reported metastasis from tumors with typical histology (31,32,33). The main clinical issue of 
importance is its separation from epithelial Wilms tumor. Although it has been suggested that metanephric tumors 
may represent the hyperdifferentiated, mature form of Wilms tumor (34), unlike the prominent fibrous 
encapsulation in most Wilms tumors, a typical metanephric adenoma is unencapsulated; the tumor is directly 
apposed to the nonneoplastic renal parenchyma in most instances. However, discontinuous or even well-formed 
capsule may be present in rare instances. 


Histologically, metanephric adenoma is a cellular tumor composed of crowded small acini or tubules (31,32,33) of 
small blue cells with minimal amphophilic cytoplasm in a paucicellular intervening stroma (Fig. 12.8A). It often 
also shows elongated or branching tubules. Papillary infoldings of the tubular lining is not uncommon. The nuclei 
are relatively uniform and show pale chromatin, with no nucleoli, or at the most, small indistinct nucleoli (Fig. 
12.8B). Mitotic figures are also very uncommon. 


FIGURE 12.8 Metanephric adenoma. A: Crowded small acini and focal tubular architecture. B: Unlike Wilms 
tumor, the nuclei show pale chromatin pattern and minimal size variation. 
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Ancillary Tests 


By immunohistochemistry, the tumors are often positive for WT 1 (diffuse nuclear), AMACR (cytoplasmic, 
granular), PAX2, and CD57 (35). Most are negative for CK7, but positivity may be present in the branching large 
tubules and papillary areas. More recently, metanephric adenoma has been found to show mutations of BRAF in 
more than 90% of the tumors which can be confirmed by immunohistochemical staining for the mutant BRAF 
V600E protein (36). 


Differential Diagnosis 


Solid variant and tubular-predominant papillary RCC is the closest differential diagnosis for metanephric 
adenoma (35). However, papillary RCC commonly shows a fibrous pseudocapsule and usually has higher 
grade nuclei with significant pleomorphism and prominent nucleoli. The amount of cytoplasm also usually 
exceeds the minimal cytoplasm of metanephric adenoma. Papillary RCC is diffusely positive for AMACR and 
CK7 and is usually WT 1 and CD57 negative. Negative staining for VOOOE may also help in this 
differentiation. Papillary RCC also shows trisomies 7 and 17 and loss of Y chromosome, whereas 
metanephric adenoma often shows genetic alterations in chromosome 2p13, gains of chromosome 19, as 
well as BRAF mutations (36,37,38). Epithelial predominant Wilms tumor is another close differential 
diagnosis, particularly in the pediatric age group (39). Wilms tumor almost always shows a pseudocapsule. 
Nuclei are primitive-appearing, hyperchromatic, and pleomorphic. Mitotic activity is usually brisk. Other 
components of Wilms tumor (stromal and blastemal) 
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may be present. WT1 does not help in this differentiation. Although CD57 was previously reported to be 
mostly negative in Wilms tumor, more recently—based on a tissue microarray study—it was reported to be 
expressed in the epithelial elements in 76% of the Wilms tumors (11). 


Metanephric Adenofibroma and Metanephric Stromal Tumor 


Both these tumors, closely related to metanephric adenoma, are predominantly the tumors of childhood. 
Whereas the mean age at diagnosis for metanephric adenofibroma is 72 months, metanephric stromal tumor is 
diagnosed at a mean age of 24 months (40,41,42). Both, however, can present in young adults, albeit rarely 
(43). Both are predominantly renal medulla based. 


Histologically, they share similar stromal component that consists of spindled to stellate cells with thin 
hyperchromatic nuclei and slender indistinct cytoplasmic extensions. The epithelial component in metanephric 
adenofibroma is often similar to that seen in metanephric adenoma (Fig. 12.9). However, occasional cases may 
show brisk mitotic activity (> 5/20 high-power fields) (44). The stroma in metanephric stromal tumor 
characteristically surrounds and entraps renal tubules/blood vessels to form concentric “onion skin” rings or 
collarettes around these structures (Fig. 12.10A). More cellular spindle cell areas at periphery of collarettes often 
impart a vaguely nodular architecture to the tumor (41). In addition, the medial smooth muscle of intratumoral 
arterioles shows characteristic epithelioid transformation (angiodysplasia of vessels) in metanephric 
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stromal tumor (Fig. 10A) (41,42). Heterologous differentiation (glia or cartilage) may be seen in some cases. 
Metanephric stromal tumor also often shows hyperplasia of juxtaglomerular apparatus within entrapped glomeruli 
(Fig. 10B) (41). 


www.ketabpezeshki.com 66485457-66963820 


FIGURE 12.9 Metanephric adenofibroma with epithelial component resembling metanephric adenoma and a low- 
grade spindle cell component. 


www.ketabpezeshki.com 66485457-66963820 


VE 
e 
AR LAE ER 
> e 4 


WEAR ARAN pnr 
Pca 
NE Ji 2 


Ju e i 
T TL «^ 
Y a: Á 


es D 


2 My, y ud : y; DE 1 A 
: : , y Bye Sy — 9. 2418. 1 po ‘ ; 
dew eid f SOLA 29. ee NS 
FIGURE 12.10 Metanephric stromal tumor. A: Spindle cell component with concentric arrangement around 
vessels (arrows) and epithelioid transformation of the arterioles (asterisks). B: Juxtaglomerular apparatus 
hyperplasia (asterisks) in two adjacent glomeruli entrapped within the tumor. The collapsed glomerular remnants 
are clearly visible (arrows). 


Ancillary Tests 


By immunohistochemistry, the stromal components are positive for CD34 in both, although often in a patchy 
manner (41). Desmin, keratins, and S100 are negative in the stroma but glial foci label for GFAP and S100 
protein. Epithelial component in metanephric adenofibroma stains similar to metanephric adenoma. 


Differential Diagnosis 


The main differential diagnostic consideration is between metanephric stromal tumor and classical variant of 
CMN (see previous discussion). 
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MISCELLANEOUS RENAL TUMORS 


Other tumors that have been rarely reported in needle core biopsies of the kidney in pediatric age group include 
RCC, cystic nephroma, PNET, neuroblastoma, and malignant teratoma (5,45). 


NEUROBLASTOMA 


Neuroblastoma is the most common extracranial malignant solid tumor in children and accounts for approximately 
8% of all childhood cancers and close to 15% of all pediatric cancer deaths (46,47,48,49). They are believed to 
arise from progenitor cells of the sympathetic nervous system, the sympathogonia of the sympathoadrenal 
lineage. After migrating from the neural crest, these pluripotent sympathogonia form the sympathetic ganglia, the 
chromaffin cells of the adrenal medulla, and the paraganglia, reflecting the typical localizations of neuroblastic 
tumors (46,49,50). The tumor shows markedly varied biologic behavior. Occasionally, the tumors regress 
completely or differentiate into almost benign ganglioneuromas without treatment; on the other hand, metastatic 
neuroblastoma in children older than 18 months of age at diagnosis is lethal for many patients despite 
aggressive therapy. Rates of tumor progression and response are often age dependent; adolescents and adults 
often have indolent, chemo-resistant tumors compared to neuroblastomas in younger children (50). 


Open biopsy of the tumor has been the mainstay for definitive diagnosis of neuroblastoma. However, some 
authors have recently advocated needle core biopsies for initial diagnosis; however, the efficacy of needle core 
tissue samples is currently debated in the literature (51,52,53). According to the International Risk Group (INRG) 
task force, neuroblastoma has been proposed to be classified into 16 risk groups using INRG classification 
system (INRGCS). INRGCS uses the histologic assessment 
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and biologic markers such as MYCN-amplification, ploidy, and chromosome 11q status, besides age and stage 
(50,54). Postbiopsy therapy is highly dependent on the risk group categorization. Therefore, accurate diagnosis 
and classification of the tumor on biopsies is critical. 


Histologically, neuroblastic tumors can be divided into three groups: neuroblastoma, ganglioneuroblastoma, and 
ganglioneuroma (55,56,57). These reflect a spectrum of maturation ranging from tumors with predominant 
undifferentiated neuroblasts to those largely consisting of fully differentiated ganglion cells surrounded by a 
dense Schwann cell stroma (49). Classification of tumors is mainly based on (a) the presence or absence of 
neuropil, (b) the presence and proportion neuroblasts showing differentiation, and (c) to some extent on the 
presence and amount of Schwannian stroma. 


The diagnostically relevant terminology often used in neuroblastic tumors is as follows: 


Neuropil: Pink, extracellular, acellular material that under high magnification appears as 
crisscrossing fine fibrils (Fig. 12.11A). Neuropil in neuroblastomas is primarily composed of 
unmyelinated axons and stains very strongly positive for synaptophysin. 


Differentiating neuroblasts: Neuroblasts that show open chromatin (unlike the dense 
chromatin of undifferentiated neuroblasts), the presence of easily identifiable nucleoli, and 
the presence of cytoplasm. Although by definition, differentiating neuroblast should 
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have a diameter at least twice the diameter of the nucleus (a reflection of the amount of 
cytoplasm in the cell) (58), in our experience, the amount of cytoplasm may be less than 
that in some cells. 


Stroma: Stroma in neuroblastic tumors implies the S100 protein positive Schwannian 
stroma. Microscopically, it appears almost similar to fibroblastic stroma and is always 
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cellular (Fig. 12.11B). Tumors with less than 50% component of the stroma are regarded 
as stromapoor, whereas greater than 50% stroma puts the tumor in the category of a 
stroma-rich tumor (58). 


Mature ganglion cell: Large cells with nuclei showing open chromatin and prominent 
nucleoli, abundant cytoplasm usually with finely basophilic Nissel granules, and 
surrounded by satellite cells. Ganglion cells without the satellite cells are considered as 
maturing ganglion cells, whereas those with satellite cells surrounding them, similar to that 
seen in normal ganglia, are regarded as mature. 
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FIGURE 12.11 A: The characteristics of neuropil (arrows); fibrillary, acellular material. B: Schwannian stroma 
(asterisks) is cellular and shows spindled nuclei. 
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FIGURE 12.11 (Continued) 


With the preceding definitions in mind, neuroblastic tumors are classified as: 
A) Neuroblastoma 


1. Undifferentiated type: Composed entirely of small blue round cells with none to minimally apparent cytoplasm 
and coarse chromatin (Fig. 12.12A). Neuropil is completely absent in the tumor. Confirmation of the diagnosis 
frequently requires immunohistochemical support, that is, synaptophysin, chromogranin, CD56, neuroblastoma 
84 (NB84), and microtubule-associated protein 2 (MAP2) (58,59,60). 
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blue round cell tumor with no neuropil. B: 


FIGURE 12.12 Neuroblastoma. A: Undifferentiated: primitive small 


maturing neuroblasts. C: 


Poorly-differentiated: small, blue round cell tumor with neuropil and less than 5% 


Differentiating neuroblastoma with greater than 5% 


the background. 


differentiating neuroblasts; abundant neuropil is present in 
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FIGURE 12.12 (Continued) 
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2. Poorly differentiated and differentiating types: Presence of even a single focus of neuropil, irrespective of the 
cell type, excludes the tumor from undifferentiated category. Separation of poorly differentiated from 
differentiating neuroblastoma depends on the proportion of differentiating neuroblasts in the tumor (Fig. 
12.12B,C). Less than 5% differentiating neuroblasts puts the tumor into poorly differentiated category, whereas 
greater than 596 is diagnostic of differentiating neuroblastoma. In general, differentiating neuroblastomas show 
significantly greater amount of neuropil, but the amount of neuropil is not diagnostically essential. Similarly, the 
amount of stroma is also often more in differentiating neuroblastomas. However, the amount of Schwannian 
stroma almost never crosses the 5096 landmark in neuroblastomas. Thus for all practical purposes, all tumors 
designated as neuroblastoma are Schwannian stroma poor. 


B) Ganglioneuroblastoma 


These tumors show a background of mostly stroma-rich ganglioneuroma, but less differentiated neuroblastic 
component is also present. When the neuroblastoma component is in the form of dispersed small foci, the tumor 
is regarded as ganglioneuroblastoma, intermixed type (Fig. 12.134). On the other hand, the neuroblastoma 
component may be present as often—but not always—grossly identified nodules. Such tumors are regarded as 
nodular ganglioneuroblastoma (Fig. 12.13B). The nodules very frequently appear hemorrhagic (Fig. 12.13C), 
both at the gross and microscopic levels. The histology within the neuroblastic nodules can range from 
undifferentiated to differentiating neuroblastoma. 
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FIGURE 12.13 Ganglioneuroblastoma. A: Intermixed type, with clusters of differentiating neuroblasts dispersed 
with ganglioneuroma background. Note the loose, fibrillary neuropil around the neuroblasts. B: Nodular type, 
with a nodule of differentiating type neuroblastoma. C: Nodular type, with a hemorrhagic nodule of poorly 
differentiated neuroblastoma. 
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FIGURE 12.13 (Continued) 
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C) Ganglioneuroma 


The tumors show dispersed single or clustered ganglion-like cells in a background of Schwannian stroma. The 
ganglion cells may appear small and immature (maturing ganglioneuroma) or may appear mature, with all cells 
surrounded by the satellite cells (mature ganglioneuroma) (Fig. 12.14). There should be no foci in which the 
ganglion-like cells appear clustered in a background of neuropil; that finding puts the tumor into the category of 
ganglioneuroblastoma, intermixed (Fig. 13A). 


D) Neuroblastic tumor, unclassifiable 


When neuroblastic tumor cells are determined to be present in a biopsy, but they are very few (tiny biopsies), or 
show marked crush artifacts, so that the subtype cannot be determined with certainty, the designation 
"unclassifiable" can be used (58). 


Mitotic-karyorrhectic index (MKI): All primary or recurrent neuroblastomas are required to be assigned an MKI. 
MKI is grouped into low (<2%), intermediate (2% to 4%), and high (2496) (55,57). MKI is performed by counting 
the number of mitotic and karyorrhectic figures per 5,000 tumor nuclei. The counting is not confined to the areas 
with maximum MKI but is performed in different looking areas in the tumor proportional to their representation in 
the tumor. Thus, if a tumor shows 80% highly cellular and 20% poorly cellular areas, the counts are performed in 
an 80:20 proportion from these differentappearing regions. MKI is not performed in ganglioneuromas, 
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and in ganglioneuroblastomas, MKI is performed only in the neuroblastoma component and is expressed as “MKI 
in neuroblastoma component of the tumor." 
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FIGURE 12.14 Ganglioneuroma, mature type. All ganglion cells are surrounded by satellite cells (arrows). 


Favorable versus unfavorable histology: Besides the classification of the tumor and MKI, the pathology report 
must also include the International Neuroblastoma Pathology Prognostic Classification (INPC) grouping for the 
tumor, that is, “Favorable Histology Group” or “Unfavorable Histology Group” (49,58,61). Thus: 


e All ganglioneuromas and ganglioneuroblastoma, intermixed cases belong to favorable histology group. 


e All undifferentiated neuroblastomas (any age), as well as neuroblastomas (undifferentiated/poorly 
differentiated/differentiating) arising after the age of 5 years, belong to the unfavorable histology group. 


e The rest of the cases are divided according to the age, tumor subtype, and the MKI: 


a. In patients younger than 1% years of age at presentation, neuroblastomas other than as mentioned 
previously with high MKI are of unfavorable histology; low or intermediate MKI puts them in favorable 
histology group. 


b. One and a half to 5 years of age, only the tumors with low MKI considered favorable histology; intermediate 
or high MKI in tumors other than as mentioned previously pushes them into unfavorable histology category. 
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FIGURE 12.15 Synaptophysin positivity in an undifferentiated neuroblastoma metastatic to the bone. 


e Ganglioneuroblastoma, nodular types are assigned the prognostic group according to the findings in the 
neuroblastoma component; if multiple nodules are present, the nodule with worst features determines the 


grouping. 


Differential Diagnosis 

Most of the difficulties in the differential diagnosis of neuroblastoma arise in the undifferentiated type. The 
differential diagnosis of such neuroblastomas includes other small round blue cell tumors of the children: 
PNET/Ewing sarcoma, rhabdomyosarcoma, Wilms tumor, lymphoma, and myeloid leukemia. 
Immunohistochemical stains are required in their distinction. Thus, whereas neuroblastoma is positive for 
synaptophysin (Fig. 12.15), NB84 and CD56, PNET/Ewing sarcoma, rhabdomyosarcomas, and Wilms 
tumor are mostly negative for these antibodies. However, NB84 has been reported to label some cases of 
PNET; therefore, complete dependence on a single antibody is not advisable. In addition, PNET is positive 
for CD99; rhabdomyosarcoma for desmin, myogenin, and myoD1; and Wilms tumor for WT 1. Lymphomas 
and leukemias usually stain for multiple hematopoietic markers, whereas neuroblastomas are negative for 
these proteins. 
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Ancillary Tests 
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Ying-Bei Chen 


RENAL IMMUNOHISTOCHEMISTRY 


Unlike that for resection specimens, most pathologists have relatively limited experience with renal needle core biopsies or cytology preparations. It is therefore expected 
that ancillary studies, particularly immunohistochemistry (IHC), are used by most pathologists to help them arrive at specific diagnoses. At the same time, it needs to be 
kept in mind that often, only the better differentiated (low-grade) tumors show the typical immunophenotype, whereas poorly differentiated (high-grade) tumors are more 
likely to lose the staining characteristics of the specific tumor type. Aberrant or unexpected expression of antigens is also a possibility, particularly in less differentiated 
tumors. Although IHC studies can be very helpful in resolving difficult differential diagnostic considerations, they should not be requested at random in all cases. The 
choice of requested IHC markers must depend on careful light microscopic analysis and formulation of differential diagnostic possibilities. A number of IHC markers have 
been used in the differentiation of renal cell tumors; some of the useful ones are detailed in Table 13.1. However, in the vast majority of cases, only a limited number of 
antibodies among those listed in the Table 13.1 are required to arrive at proper diagnosis on biopsy material (Table 13.2). 


The following is a brief description of some of the most commonly used antibodies in the differential diagnosis of renal tumors. 


Carbonic Anhydrase IX 
An important downstream molecule in the hypoxia-inducible factor (HIF) pathway, carbonic anhydrase IX (CA-IX) is a very useful marker in the differential diagnosis of 
renal tumors. Its consistent, diffuse membranous positivity in overwhelming majority of clear cell renal cell carcinomas (RCCs) (1,2,3,4,5,6,7), at both the primary (Fig. 
13.1A,B, eFig. 13.1) and metastatic sites (8,9,10,11) (Fig. 13.2A,B), as well as in both the epithelial and spindle cell components of sarcomatoid clear cell RCC in a large 
proportion of cases (12) (Fig. 13.3A,B), makes its utility on limited material quite valuable. However, interpretation of the staining—particularly in biopsies and cytologic 
cell blocks—requires considerable attention to detail. Because CA-IX is also expressed in hypoxic 
P.262 
P.263 
P.264 
P.265 
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areas in most tumorous and nontumorous tissues (eFig. 13.2A,B), biopsies showing tumor necrosis merit interpretation with particular caution; perinecrotic areas almost 
always show strong membranous positivity for CA-IX (Fig. 13.4A,B). Thus, interpretation is quite problematic in biopsies with predominantly necrotic tumors in which the 
few viable areas often show diffuse membranous positivity. In such cases, the diagnosis of clear cell RCC cannot be rendered with certainty. Similarly, patchy staining in 
a biopsy— which may be a result of tumor ischemia—does not support the diagnosis of a clear cell RCC. Occasionally, CA-IX may show granular cytoplasmic staining in 
some tumors, mostly in those with eosinophilic cytoplasm (Fig. 13.5). Because CA-IX is a transmembrane molecule, cytoplasmic staining without membranous positivity is 
nonspecific and should not be regarded as a positive result. Among the renal cell tumors, CA-IX is also diffusely expressed in clear cell papillary RCC; however, the 
staining pattern is usually quite different (cup-shaped in clear cell papillary versus box-shaped in clear cell RCC) (13) (Fig. 13.6A,B, eFig. 13.3A,B). The other caveat is 
that CA-IX is often expressed in a diffuse, membranous pattern in mesotheliomas (10,11) and may also be expressed in urothelial carcinomas (14). Therefore, correlation 
with morphology, clinical history, and usage of other markers in the form of a panel is mandatory (Table 13.2). Most of the non-clear cell RCC that express CA-IX show 
positivity in a patchy manner and often will also show immunoreactivity for markers appropriate for that tumor. 


TABLE 13.1 List of Antibodies Used in the Diagnosis of Renal Tumors 


Clear Cell Clear Cell Papillary Papillary RCC, Type Papillary RCC, Chromophobe Renal 

RCC RCC 1 Type 2 RCC Oncocytoma 
PAX8/PAX2 + + + + +/- +/- 
CA-IX (diffuse, + (box-like + (cup-shaped - - - E 
membranous) pattern) pattern) 
CD10 + - + (often luminal) +/- +/- - 
CK7 - + + +/- +/- JA 
AMACR - - * +/- s E 
CD117 - - = " 4 + 
Vimentin +/- + +/- -/+ y x 
Parvalbumin - ND - 2 + + 
E-cadherin - ND - - + + 
EpCAM -/+ ND +/- - + -/+ 


www.ketabpezeshki.com 66485457-66963820 


CD82 ND ND ND ND + - 


TFE3/TFEB - - - n & 2 


Cathepsin-K - - - - - - 


HMB-45 - - . : a - 


Melan-A - - - - - - 


348E12 (HMWCK) a + = : " - 


p63 * - - - -/+ -/+ 


GATA3 : : : : a 5 


INM (BAF47) + + = + + + 


OCT-4 - - - - e - 


CD57 ND ND - ND ND ND 


MTSCC Collecting Duct Renal Medullary Metanephric Translocation Urothelial Ca 
Carcinoma Carcinoma Adenoma RCC 


PAX8/PAX2 + +/- +/- + + -1+ 


CA-IX (diffuse, - - - - -/+(focal) -/+ 
membranous) 


CD10 ie - . " " Ñ 


CK7 + -/+ -/+ -/+ - + 


AMACR + -/+ + +/- 3 J+ 


CD117 : z " E s 


Vimentin - - - - - 


Parvalbumin ND -/+ ND - - - 


E-cadherin ND ND ND - - s 


EpCAM ND ND ND - - - 


CD82 ND ND ND - - - 


TFE3/TFEB ND - - - + - 


Cathepsin-K - - - - * - 


HMB-45 , . . : -J+ : 


Melan-A - - - - Jt - 


34BE12 (HMWCK) =z +/- m . . z 


p63 - - * 


GATA3 r r = : : + 


INH (BAF47) + + = + + + 


OCT-4 - - + ND ND ND 


CD57 ND ND ND + - - 
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RCC, renal cell carcinoma; MTSCC, mucinous tubular and spindle cell carcinoma; Ca, carcinoma; HMWCK, high-molecular-weight cytokeratin; ND, not done. 


TABLE 13.2 Most Useful, Limited Differentiating Immunohistochemical Panels for Tumors in the Kidney? 


Differential 
Diagnosis 


Important Positive Markers 


Important Negative Markers 


Clear cell cytology group: 


Clear cell RCC 


Chromophobe RCC 


Clear cell papillary 
RCC 


Translocation RCC 


Papillary RCC 


Epithelioid 
angiomyolipoma 


Adrenal cortical 
neoplasm 


CA-IX (box-shaped), CD10, vimentin 


CD117, CK7, E-cadherin 


CA-IX (cup-shaped), CK7, HMWCK 


TFES/TFEB, Cathepsin-K, HMB-45 (+/-), CD10 


AMACR, CK7 (in type 1) 


HMB-45, Melan-A (A103), SMA (+/-) 


Inhibin, Melan-A (A103), synaptophysin 


CD117 


CA-IX, vimentin 


CD10, AMACR 


CK, EMA 


CA-IX (present only focally) 


CK, CA-IX 


CK, EMA, CA-IX, chromogranin 


Eosinophilic cell cytology group: 


Clear cell RCC 


Chromophobe RCC 


Renal oncocytoma 


RCC, unclassified, 
oncocytic 


Papillary RCC, type 2 


SDHB-RCC 


Oncocytic 
angiomyolipoma 


Adrenal cortical 
neoplasm 


CA-IX, CD10, vimentin 


CD117, CK7, CD82, E-cadherin 


CD117, CK7-/rare cells 


CD117, CK7 (+/-) [histology prevails] 


CK7 (may be focal), AMACR 


Variable for usual markers 


HMB-45, Melan-A (A103), SMA (+/-) 


Inhibin, Melan-A (A103), synaptophysin 


CD117 


CA-IX, vimentin 


CD82 


[histology prevails] 


CD117, CA-IX 


SDHB 


CK, CA-IX 


CK, EMA, CA-IX, chromogranin 


Papillary/tubulopapillary architecture group: 


Papillary RCC, type 1 


Papillary RCC, type 2 


Collecting duct 
carcinoma 


Renal medullary 
carcinoma 


HLRCC-associated 
carcinoma 


Translocation RCC 


RCC, unclassified 


CK7, AMACR, CD10 (often luminal) 

CK7 (+/-), AMACR, CD10 (often luminal) 

CK7 (+/-), AMACR (+/-), HMWCK (+/-), Ulex europaeus, BAF47 
(INI1) 

Variable for CK7, AMACR 


CK7 (-/+), AMACR (+/-), 28C, BAF47 


TFES/TFEB, cathepsin K, HMB-45 (+/-), CD10 


Variable for usual markers, BAF47 (INI1) 
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CA-IX (occasionally focal positive) 


CA-IX 


CA-IX, CD10 


BAF47 (INI1) 


Fumarate hydratase, others variable 


CK, EMA 


Variable for usual markers, TFE3/TFEB 
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Clear cell papillary 
RCC 


Metanephric 
adenoma 


Mucinous tubular and 
spindle cell 


CA-IX (cup-shaped), CK7, HMWCK 


CD57, WT1 


CK7, AMACR 


CD10, AMACR 


CK7 (-/+), AMACR (-/+) 


CD10 (occasionally very focal positive) 


Poorly differentiated histology group: 


Clear cell RCC 


Epithelioid AML 


Metastatic tumors 


Adrenal cortical 
carcinoma 


Urothelial carcinoma 


PAX8/2, CA-IX, CD10 


HMB-45, Melan-A (A103), SMA (+/-), cathepsin K 


Depending on the primary source 


Inhibin, Melan-A, synaptophysin 


GATAS, p63, HMWCK (34BE12), CK7, CK20 


TTF-1, CK7, CK20, chromogranin, synaptophysin, inhibin, 
HMB-45, Melan-A 


PAX8/2, CK, EMA 


PAX8/2 (unless GYN tract, thyroid, or occasionally 
mesothelial), CA-IX (unless mesothelial) 


EMA, CK, PAX8/2, CA-IX 


PAX8/2 (occasionally positive) 


Spindle cell group: 


Sarcomatoid RCC 


Mucinous tubular and 
spindle cell 


Sarcoma 


CA-IX (in sarcomatoid clear cell RCC), EMA/CK (at the most focal in 


spindle cell areas), PAX8/2 (+/-) 


CK7, AMACR 


Markers according to the subtype 


NA 


CD10 (occasionally very focal+) 


PAX8/2, CK/EMA (except synovial sarcoma, leiomyosarcoma, 
and epithelioid angiosarcoma) 


aAberrant, unexpected positivity for individual markers may be present in rare cases. RCC, renal cell carcinoma; HMWCK, high-molecular-weight cytokeratin; 
EMA, epithelial membrane antigen; SDHB, succinate dehydrogenase B; HLRCC, hereditary leiomyomatosis and renal cell carcinoma; AML, angiomyolipoma; 


NA, not applicable. 
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FIGURE 13.1 A: Primary clear cell RCC (hematoxylin and eosin). B: Diffuse, membranous (box-like) positivity for CA-IX. 


PAX8 and PAX2 

PAX8 and PAX2 are members of paired box family transcription factors that are important in the fetal development of nervous system, kidney, thyroid, eye, and female 
genital tract. They show nuclear expression in the vast majority of renal cortical tumors at both the primary and metastatic 

sites (Fig. 13.7A,B, eFigs. 13.4A,B) (15,16,17,18,19,20,21,22,23,24). Therefore, these are very useful markers for establishing renal cell origin in the proper clinical 
context. Overall, PAX8 appears to be a more sensitive marker than PAX2 (23), but in rare instances, the reverse may be true (22). Although of great utility for determining 
renal origin of a tumor, both the markers may also be expressed in the tumors of female genital tract (18,22), clear cell 

adenocarcinoma of the bladder (25,26), peritoneal mesotheliomas (27), urothelial carcinomas—particularly of the upper tract (24), and thymic tumors (28). PAX8 is also 
uniformly positive in the tumors of thyroid. At the same time, staining for PAX8 and PAX2 may be absent in some tumors of renal cell origin, particularly high-grade tumors 
Such as collecting duct carcinoma, sarcomatoid RCCs, and tumors with rhabdoid features; 

chromophobe RCCs and renal oncocytomas may also show negative staining (22). Thus, positive staining in isolation cannot be regarded as definitive for renal cell 
origin, nor does the lack of staining exclude a renal origin. Proper interpretation requires analysis in association with other appropriate stains (Table 13.2). 
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FIGURE 13.3 A: Spindle cell component of a sarcomatoid clear cell RCC. B: Strong, diffuse positivity for CA-IX in the sarcomatoid component of the tumor. 
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FIGURE 13.4 A: Needle core biopsy showing a predominantly necrotic tumor. B: Even diffuse immunoreactivity for CA-IX in the small viable perinecrotic tumor foci 
cannot be considered diagnostic for clear cell RCC. 


FIGURE 13.5 Granular cytoplasmic immunoreactivity without membrane accentuation should not be regarded as a positive result for CA-IX. 
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FIGURE 13.6 A: In clear cell papillary RCC, CA-IX characteristically does not stain the luminal aspect of the cells (cup-shaped pattern). B: CA-IX immunoreactivity in 
clear cell RCC highlights all cell membranes (box-like pattern). 


FIGURE 13.6 A: (Continued) 
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CD10 
CD10, also known as neprilysin and common acute lymphoblastic antigen (CALLA), is a 94 kDa zinc-dependent cell membrane metalloprotein, which is widely 
distributed in the normal tissues, including kidney, liver, intestines, placenta, choroid plexus, brain, gonads, adrenal cortex, 

P.273 


and leucocytes (29). It has been widely used as a marker for clear cell RCC in its differentiation from other renal tumors in both the primary and metastatic settings 
(30,31,32,33,34,35,36,37,38,39,40). In the appropriate clinicopathologic setting, diffuse membranous positivity is supportive of clear cell subtype among all the RCCs 
(Fig. 13.84). However, diffuse cytoplasmic staining can be seen in a number of renal and nonrenal tumors (36) and is not helpful in this distinction. At the same time, 
membranous reactivity is also not specific for clear cell RCC and may be present in papillary RCC (Fig. 13.8B), colorectal, pancreatic, prostatic, and some vascular 
tumors (30,36,41). Both benign hepatic parenchyma and hepatocellular carcinoma show canalicular pattern of staining with CD10 (42). This may be mistaken for 
membranous staining, particularly in the limited material of needle core biopsies or cytologic preparations. Of import, clear cell papillary RCC is often negative for CD10, 
in spite of being positive for some other markers of clear cell RCC (13,43,44) (Tables 13.1 and 13.2). Thus in spite of its proven utility in clear cell RCC, given its 
nonspecificity, CD10 should not be used in isolation for the diagnosis of clear cell RCC and should only be used as a part of immunohistochemical panel (Table 13.2). 
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FIGURE 13.7 A: PAX8 showing diffuse nuclear positivity in a primary RCC. B: The immunoreactivity for PAX8 is retained at metastatic sites (clear cell RCC metastatic to 
the liver). 
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FIGURE 13.7 A: (Continued) 


Cytokeratin 7 
Cytokeratin 7 (CK7) is a type Il keratin normally present in simple, nonkeratinizing epithelium. The antibody is commonly used in surgical pathology and cytology in the 
differential diagnosis of tumors from a variety of organs. It is also a very useful antibody in the differential diagnosis of renal tumors (6,42,45). CK7 is diffusely positive in 
type 1 papillary 
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RCC (Fig. 13.94), classical chromophobe RCC (Fig. 13.9B), clear cellpapillary RCC (Fig. 13.9C), mucinous tubular and spindle cell carcinoma (Fig. 13.9D), and 
urothelial carcinoma (6,13,42,44,45,46,47). However, papillary RCC type 2 and eosinophilic chromophobe show very variable results and may be negative or only focally 
positive for CK7 (48) (Fig. 13.10A,B). 
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Clear cell RCC, with some rare exceptions, is usually completely negative for CK7, although cystic clear cell RCC often shows patchy positivity around the cysts. CK7 
cannot be used in the distinction of clear cell papillary RCC from multilocular cystic RCC, as the latter also shows diffuse immunoreactivity for CK7 (Fig. 13.11A,B) (49). 
Renal oncocytoma is usually 

P.278 
negative or shows positivity in only rare dispersed cells. Metanephric adenoma is also usually negative for CK7 unlike type 1 papillary RCC, a close differential 
diagnostic consideration, particularly on limited biopsy material (50). In other renal tumors, results with CK7 are variable and inconsistent. Overall, CK7 remains a useful 
antibody in the differentiation of a number of renal tumors. However, one cannot completely depend on the results with this antibody alone in the distinction of renal 
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oncocytoma from eosinophilic chromophobe RCC, or papillary type 2 RCC from other high-grade RCCs with prominent papillary architecture, particularly on biopsy 
specimens. 


FIGURE 13.9 CK7 showing diffuse immunoreactivity in (A) type 1 papillary RCC, (B) classical chromophobe RCC, (C) clear cell papillary RCC, (D) mucinous tubular and 
spindle cell carcinoma, and (E) urothelial carcinoma. 
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FIGURE 13.9 (Continued) 
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FIGURE 13.10 (Continued) 


CD117 (c-Kit) 

CD117 is a receptor tyrosine kinase type Ill, which binds to stem cell factor known as steel factor or c-Kit ligand. Its main utility in the differential diagnosis is in the 
separation of chromophobe RCC from eosinophilic clear cell RCC (3,42,51). Chromophobe RCC usually shows diffuse cytoplasmic immunoreactivity with peripheral 
accentuation with CD117 (Fig. 13.124), whereas clear cell RCC is negative. Renal oncocytoma is also often immunoreactive for CD117; usually, the staining pattern is 
granular and cytoplasmic (Fig. 13.12B) (3,42). In our experience, CD117 also shows diffuse immunoreactivity in the oncocytic tumors that are not classifiable as either 
renal oncocytoma or eosinophilic chromophobe RCC and are often considered as oncocytic unclassified tumors. 
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FIGURE 13.11 CK7. A: Focal CK7 positivity in clear cell RCC in and around cystic areas. B: Like clear cell papillary RCC, multilocular cystic neoplasm of low malignant 
potential/multilocular cystic RCC also shows diffuse immunoreactivity with CK7. Therefore, CK7 cannot discriminate between these morphologically closely related 
tumors. 


FIGURE 13.12 CD117 (c-Kit) showing diffuse positivity for (A) chromophobe RCC with accentuated peripheral staining and (B) renal oncocytoma with diffuse 
cytoplasmic staining. 
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Renal Cell Carcinoma Marker 
RCC marker (RCC Ma), normally expressed in the proximal renal tubules, has been in use for many years as a marker for renal origin of tumors as well as in the 
differential diagnosis among the renal tumors. However, its sensitivity among renal tumors is quite low (27% to 90%). At the same time, 

P.281 
a number of nonrenal tumors, including hepatocellular carcinoma, lung adenocarcinoma, breast lobular carcinoma, ovarian clear cell carcinoma, testicular yolk sac tumor, 
and parathyroid carcinoma, among others, stain positive with the antibody (52). It is also expressed in greater than 4096 of nonrenal tumors with papillary architecture 
(53). Given the availability of more sensitive and specific markers now, RCC Ma appears to have only limited utility in the diagnosis and differential diagnosis of renal 
tumors. 


Others 

A number of other markers, some as tabulated (Table 13.1), have been regarded as helpful in the differential diagnosis of renal tumors. Thus, AMACR characteristically 
shows diffuse, granular cytoplasmic positivity in type 1 papillary RCC (Fig. 13.13A, eFig. 13.5A,B); type 2 papillary also usually stains positive (Fig. 13.13B). Clear cell 
papillary RCC is typically negative, but many other tumors often show immunoreactivity with AMACR (Table 13.1). Some other markers which are particularly useful in 
the differential diagnosis include strong and diffuse nuclear immunoreactivity for TFE3/TFEB among translocation-associated RCC (Fig. 13.14A,B), loss of nuclear 
reactivity for BAF47 (INI1) in renal medullary carcinoma (Fig. 13.15A,B), and CD57 positivity in metanephric adenoma (Fig. 13.16A,B). 


A general observation with IHC has been that new markers are very often initially reported as specific for a tumor type, but that "specificity" is frequently lost after greater 
experience with the antibody based on larger numbers and greater diversity of the cases. Finding markers that distinguish between renal oncocytoma and the 
eosinophilic variant of chromophobe RCC and other close mimickers has been particularly polemic in this regard. A large number of antibodies have been proposed to 
make this distinction but, in general, have not withstood the test of time as discriminatory markers (33,45,54,55,56,57,58,59,60), more so when used alone and not in the 
form of an immunohistochemical panel. Markers such as kangai-1 (KAI1/CD82), low-molecular-weight polypeptide 2 (LMP2), and amylase a-1A (AMY1A) are some of the 
more recently reported markers that have been used in this distinction (61,62,63,64). However, results on larger number of cases and their reproducibility are awaited. 


ADRENAL IMMUNOHISTOCHEMISTRY 


Adrenal biopsies can be quite challenging and therefore it is not surprising that IHC is used in over half of these specimens, with approximately six stains ordered per 
case (65). The following have been described as the most commonly obtained antibodies for the workup of an adrenal needle core biopsy: TTF-1, CK7, AE1/3, CK20, 
inhibin, S100, Melan-A, chromogranin, vimentin, synaptophysin, and CD10 (65). These immunostains reflect the main differential diagnosis in a needle core biopsy: 
adrenal 
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cortical lesions (including nonneoplastic adrenal cortex, adrenal cortical adenoma, and adrenal cortical carcinoma), pheochromocytoma, and metastatic carcinoma (in 
particular lung adenocarcinoma and RCC, clear cell type). The following is a brief description of antibodies frequently used in the workup of adrenal needle core 
biopsies, with data summarized in Table 13.3. 


FIGURE 13.13 AMACR showing (A) diffuse cytoplasmic granular staining in type 1 and (B) type 2 papillary RCC. 
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FIGURE 13.14 TFES translocation-associated carcinoma (A) (hematoxylin and eosin). B: Strong nuclear immunoreactivity for TFE3. 


FIGURE 13.15 Renal medullary carcinoma with (A) prominent cribriform architectural pattern and (B) complete loss of nuclear BAF47 (INI1) staining in tumor cells; 
intratumoral lymphocytes and endothelial cells have retained the immunoreactivity. 
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FIGURE 13.16 CD57. A: Metanephric adenoma can mimic type 1 papillary RCC, particularly on biopsies. B: CD57 positivity in metanephric adenomas is a useful 
distinguishing feature. 


Inhibin Alpha 
Inhibin alpha is the alpha subunit of a dimeric glycoprotein which participates in the regulation of pituitary follicle stimulating hormone (FSH) secretion and has 
cytoplasmic expression. The normal adrenal cortex is reactive for inhibin alpha, particularly in the zona reticularis, whereas the 


adrenal medulla is negative (66,67,68). Inhibin alpha is typically expressed in hyperplastic adrenal cortex (100%), adrenal cortical adenoma (78% to 100%), and adrenal 
cortical carcinoma (71% to 100%), with positivity in all adrenal cortical lesions ranging from 73% to 100% (Fig. 13.17, eFig. 13.6) (8,67,68,69,70,71,72,73,74). Reactivity 


Although inhibin alpha is predictably reactive in adrenal cortical lesions, 0% to 10% of clear cell RCCs are reported to be positive (8,68,70). Thus, inhibin alpha is helpful 
in the differential diagnosis of a primary adrenal cortical tumor versus pheochromocytoma and/or clear cell RCC. Inhibin alpha may have reactivity in lung tumors 
including 10% to 40% of pulmonary adenocarcinoma and 22% of large cell carcinoma, an important pitfall in the interpretation of this antibody (76,77). Pulmonary 
squamous cell carcinoma is nonreactive for inhibin alpha (eFig. 13.7) (77). Reactivity of hepatocellular carcinoma with inhibin alpha is an additional pitfall, especially as 
adrenal cortical tumors and hepatocellular carcinoma have some overlapping histologic features (Fig. 13.19) (78). Inhibin alpha is also useful for the differential of 
melanoma versus adrenal cortical lesions, with inhibin only having weak/focal expression in 20% of melanoma cases from nonadrenal locations (eFig. 13.8) (79,80). 


TABLE 13.3 Adrenal Immunohistochemistry 


RCC, Squamous 

Adrenal Clear Hepatocellular Lung Cell Malignant 

Cortex/Adenoma/Carcinoma  Pheochromocytoma Cell Carcinoma Adenocarcinoma Carcinoma Melanoma 
Inhibin + - - + -|+ - E 
Calretinin + " - - - -J+ - 
Melan-A * 5 A E " : + 
SF-1 + $ - - $ = > 
Synaptophysin + (weak) + z - z z z 
Chromogranin - * - * = = = 
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$100 protein - + +/- - -/+ -/+ + 
PAX8 - + - " - - 7 
CA-IX -/+ - + - -/+ -/+ ND 
TTF-1 : ND - : + A - 
Napsin A -/+ - -/+ Jt * - ND 
p63 ND ND - - - * - 
AE1/3 - a + +/- + + z 
EMA - - + -/+ + + x 
CK7 - ND E - + -/+ = 
CK20 - ND - - - š x 
RCC, renal cell carcinoma; SF-1, steroidogenic factor 1; EMA, epithelial membrane antigen; ND, not done. 


FIGURE 13.17 A: Hematoxylin and eosin photomicrograph of adrenal cortical adenoma. B: Inhibin has diffuse cytoplasmic reactivity in adrenal cortical adenoma. 
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FIGURE 13.18 Pheochromocytoma on the /eft is negative for inhibin, whereas nonneoplastic adrenal cortex on the right is positive. 


Calretinin 
Calretinin is a calcium-binding protein with a similar expression profile as inhibin alpha and has both cytoplasmic and nuclear expression. Calretinin is highly expressed in 
adrenal cortical lesions including adrenal cortical hyperplasia (100%), adrenal cortical adenoma (93% to 100%), and adrenal cortical carcinoma (71% to 92%) (Fig. 
13.20) (72,75). No reactivity is seen in pheochromocytoma (72,75). Only rare expression is present in clear cell RCC (0% to 10%) (8,81). Although only 8% to 11% of 
pulmonary adenocarcinoma expresses calretinin, more frequent positivity is 

EX 
Seen in squamous cell carcinoma (3196 to 4096) and small cell carcinoma of the lung (4996), and therefore caution is recommended regarding interpretation of this 
antibody if a metastasis from the lung is a consideration (81,82,83,84,85,86). Although a significant proportion of squamous cell carcinomas have been documented to 
be reactive for calretinin, urothelial carcinoma has been reported to be uniformly negative (81). Case reports document no expression of calretinin in hepatocellular 
carcinoma (87,88). Calretinin can differentiate adrenal cortical lesions from malignant melanoma, as no or only focal positivity is found in melanoma (eFig. 13.9) (73,80). 


FIGURE 13.19 A: Metastatic hepatocellular carcinoma to the adrenal gland with compressed remaining adrenal cortical cells at the top of the photo. B: Inhibin is not 
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expressed in this case of hepatocellular carcinoma, although reactivity has been reported. The remaining adrenal cortex is positive. 
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FIGURE 13.20 Adrenal cortical adenoma demonstrates diffuse nuclear and cytoplasmic reactivity for calretinin. 


Melan-A (A103) 
Melan-A (also referred to as A103 or MART-1) is an antibody which detects an antigen on melanoma cells that is recognized by T lymphocytes; it has a granular 
cytoplasmic protein expression pattern. In the recent literature, between 86% and 100% of adrenal cortical lesions were reported to express Melan-A (73,75,89,90). 
Investigations have shown that all adrenal cortical hyperplasia (10096) and most adrenal cortical adenoma (86% to 100%) and adrenal cortical carcinoma (75% to 100%) 
are immunoreactive using Melan-A (Fig. 13.21, eFig. 13.10) (72,75,89,91). In contrast, pheochromocytoma (096 to 1196) and clear cell RCC (096 to 1096) only has 
expression in a small percentage of cases (Fig. 13.22) (8,72,75,89,90,91). No reactivity has been identified in primary lung adenocarcinoma or lung adenocarcinoma 
metastatic to the adrenal gland, pulmonary squamous cell carcinoma or squamous cell carcinoma from other origins, or 

o 
hepatocellular carcinoma (70,89,90,91). The expression of Melan-A in malignant melanoma precludes this marker from differentiating it from adrenal cortical lesions. 


FIGURE 13.21 Melan-A is highly expressed in adrenal cortical adenoma. 
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FIGURE 13.22 A: Pheochromocytoma with minimal residual adrenal cortical cells on the /eft. B: Melan-A is negative in pheochromocytoma, whereas the remaining 
residual adrenal cortex is positive. 
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FIGURE 13.22 A: (Continued) 


Steroidogenic Factor-1 


Steroidogenic factor-1 (SF-1, also known as Ad4BP) is a transcription factor which plays a role in the development and regulation of steroidogenic tissues. The 
immunoreactivity with SF-1 is nuclear. The normal adrenal cortex reveals expression through all layers but is stronger in the zona glomerulosa and fasciculata (92). The 
adrenal medulla is negative for SF-1 (92). Adrenal cortical lesions show high frequency of expression of SF-1. The majority of adrenal cortical hyperplasia (100%), 
adrenal cortical adenoma (86% to 100%), and adrenal cortical carcinoma (86% to 98%) are positive using SF-1 (75,92). Pheochromocytoma, clear cell RCC, lung 
carcinoma (non-small cell and small cell), hepatocellular carcinoma, and malignant melanoma are nonreactive for SF-1, making this marker useful in the workup of 
adrenal cortical lesions (8,92,93). 


Synaptophysin 

Synaptophysin is a glycoprotein present in neuronal presynaptic vesicle membranes that has cytoplasmic expression. Approximately 60% of adrenal cortical lesions 
express synaptophysin, although the reactivity may be weak and patchy (Fig. 13.23, eFig. 13.11) (75). A greater majority (91% to 100%) of pheochromocytoma is 
reactive using synaptophysin (Fig. 13.24) (75,94,95). In contrast, synaptophysin is rare or not expressed in most 
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nonadrenal tumors such as clear cell RCC (1% to 2%) (8), lung adenocarcinoma (4%), lung squamous cell carcinoma (11%), hepatocellular carcinoma (0%), and 
melanoma (096) (96,97,98,99). Of course, neuroendocrine tumors from other origins will express synaptophysin, and these entities need to be kept in mind. 
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FIGURE 13.23 A: Synaptophysin shows patchy expression in this adrenal cortical adenoma. B: In this example of adrenal cortical adenoma, very focal reactivity of 
synaptophysin is identified. 


FIGURE 13.24 Synaptophysin is highly expressed in pheochromocytoma. Residual adrenal cortex at the top of the photo is much weaker. 


Chromogranin A 

Chromogranin A is a protein which binds acidic glycoproteins and is found within the secretory vesicles of neurons and endocrine cells. Chromogranin A is negative in 
normal adrenal cortex, adrenal cortical adenoma, and adrenal cortical carcinoma (100,101) but is highly expressed in pheochromocytoma (91% to 100%), making this a 
very useful marker for the differential diagnosis of primary adrenal lesions (Figs. 13.25 and 13.26) (94,95,102,103). Similar to synaptophysin, chromogranin A has little to 
no reactivity in clear cell RCC (0%), pulmonary adenocarcinoma (0.4%), pulmonary squamous cell carcinoma (0.4%), and melanoma (0%) (97,98,99,104). High 
expression is reported in hepatocellular carcinoma (86%), although the methodology used was fluorescent immunocytochemistry, unlike what is used in routine clinical 
practice (105). 
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$100 Protein 


$100 protein belongs to a family of calcium binding proteins with nuclear and cytoplasmic expression. S100 protein is composed of an alpha and beta subunit. There are 
some monoclonal antibodies which are specific to a subunit, although most S100 protein antibodies used in clinical practice recognize both subunits (106). Adrenal 
cortex, adrenal cortical adenoma, and adrenal cortical carcinoma are negative using S100 protein, whereas adrenal medulla has reactivity within the sustentacular cells 
and pheochromocytoma is often positive (Figs. 13.27 and 13.28) (91,101). As S100 protein is expressed in melanoma, this marker is useful to differentiate 


adrenal cortical carcinoma from melanoma (97,104). Lung adenocarcinoma (19%) and squamous cell carcinoma (44%) may be reactive in a substantial minority of cases 


(107,108), whereas hepatocellular carcinoma is negative (109,110). Of note, clear cell RCC is reported to be positive in the majority of cases (69%) using S100 protein 
(111). 


FIGURE 13.25 This adrenal cortical adenoma is negative for chromogranin, contrasting with the strong expression seen in the adrenal medulla on the right side of the 
photo. 


FIGURE 13.26 Pheochromocytoma, on the right side of the photo, expresses chromogranin, whereas the adrenal cortex on the /eft has little reactivity. 
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FIGURE 13.28 S100 has diffuse nuclear and cytoplasmic reactivity in pheochromocytoma. 


Clear Cell Renal Cell Carcinoma Markers (CA-IX/PAX8/CD10/Vimentin) 

Immunostains reactive in RCC are described previously. Membranous CA-IX is a robust marker for clear cell RCC that is negative or rare in nonneoplastic adrenal cortex 
(0%), adrenal cortical hyperplasia (0%), and adrenal cortical adenoma (2% to 9%) (Figs. 13.29 and 13.30) (7,8,78). However, membranous CA-IX appears to have 
higher expression in adrenal cortical carcinoma (14% to 58%) (Fig. 13.31) (7,8). Adrenal medulla does not express CA-IX and membranous reactivity is present in a 
minority of pheochromocytoma (17%) (7). Only occasional cases of hepatocellular carcinoma express CA-IX (112). Squamous cell carcinoma (49%) and pulmonary 
adenocarcinoma (46%) have variable reactivity using CA-IX (112). PAX8 is negative in adrenal cortical lesions, pheochromocytoma, squamous cell carcinoma, lung 
adenocarcinoma, melanoma, and most hepatocellular carcinoma but has nuclear positivity in the majority of clear cell RCC (8,112,113,114,115). Other markers such as 
CD10 and vimentin are less helpful in the workup of an adrenal biopsy due to overlapping expression between entities. 
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FIGURE 13.29 CA-IX has strong membranous expression in the fop core with clear cell RCC, whereas the bottom core containing adrenal cortex is negative. CA-IX is 
very helpful in differentiating clear cell RCC from adrenal cortical fragments in adrenal core biopsies. 


FIGURE 13.30 CA-IX has weak, cytoplasmic expression in normal adrenal cortex. Membranous reactivity is not seen. 
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FIGURE 13.31 CA-IX shows focal membranous reactivity in this example of an adrenal cortical carcinoma. 
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Pulmonary Markers (TTF-1, Napsin A, p63, CK5/6) 


Thyroid transcription factor, or TTF-1, does not have cytoplasmic or nuclear expression in adrenal cortical carcinoma or clear cell RCC, with nuclear expression seen in 
the majority of lung adenocarcinoma (Fig. 13.32) (116,117,118,119). Hepatocellular carcinoma demonstrates cytoplasmic but not | 


nuclear TTF-1 in most cases (120,121). Napsin A is another marker that is positive in most lung adenocarcinomas but as staining may be seen in 50% of nonneoplastic 
adrenal cortex, 17% of adrenal cortical adenoma, 6% of adrenal cortical carcinoma, 20% of hepatocellular carcinoma, 24% to 39% of clear cell RCC, and the majority of 
papillary RCC; its utility is limited in this context (121,122,123,124). Squamous cell carcinoma is reactive with p63, but little information is available regarding the 
expression of p63 in primary adrenal tumors. CK5 and CK5/6 are also positive in squamous cell carcinoma, but in one publication CK5 was reported to be expressed in 
most adrenal cortical tumors (125). 


FIGURE 13.32 A: Metastatic lung adenocarcinoma is present in this adrenal core biopsy. B: TTF-1 nuclear expression highlights the pulmonary adenocarcinoma, 
whereas residual adrenal cortical cells are negative. 
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MOLECULAR TESTS IN RENAL NEOPLASMS 


Although histologic assessment and IHC remain the foundation of renal biopsy interpretation, cytogenetic and molecular characterizations of renal neoplasms have been 
increasingly employed in clinical settings to help improve histologic classification and guide management decisions. Renal epithelial neoplasms often harbor distinctive 
copy number alterations, many of which are chromosomal arm-level gains or losses. Chromosomal structural aberrations such as translocations are characteristic 
molecular findings in other subsets of renal epithelial tumors. These cytogenetic attributes are important molecular features to help define subtypes of renal neoplasms. 
The common copy number alterations and translocations seen in subtypes of renal epithelial neoplasms are summarized (Table 13.4). 


Whereas the majority of RCCs occur sporadically, a small percentage of cases present as part of hereditary syndromes (Table 13.5). Genetic alterations discovered in 
these familial/hereditary conditions are essential to our current understanding of the molecular basis of kidney cancer and have implicated genes such as von Hippel- 
Lindau ( VHL), met protooncogene ( MET), fumarate hydratase ( FH), folliculin ( FLCN), hamartin and tuberin ( TSC1 and TSC2), and succinate dehydrogenase B ( 
SDHB) in the pathogenesis of various subtypes of RCC (126). Some of these genes have been shown to be critical in the development of sporadic tumors (e.g., VHL), 
whereas the roles of others remain unclear in sporadic cases (e.g., FH, FLCN, SDHB). For patients with a clinical presentation and history suspicious for hereditary 
conditions, in addition to pathologic interpretation, genetic counseling and molecular testing of germline alterations are critical. 


A variety of molecular tests have been developed to characterize cancer genomics using limited clinical material including formalin-fixed paraffin-embedded (FFPE) 
tissue. Fluorescence in situ hybridization (FISH) is a more established cytogenetic method that has been incorporated into the clinical diagnosis of renal neoplasms. 
Array-based single nucleotide polymorphism (SNP) and comparative genomic hybridization (CGH) analyses can define genome-wide cytogenetic aberrations and may 
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enhance diagnostic accuracy in clinical settings (127,128). Advances in these technologies have now made it possible to generate high-resolution results from limited 
FFPE material (129,130). Meanwhile, the advent of next-generation sequencing technology is rapidly transforming the cancer genomic field. Using this powerful tool, 
clinical assays allowing for high-throughput simultaneous detection of mutations, copy number alterations, and selected fusion events have been developed (131,132). 
Additional molecular tests evaluating epigenetic regulations such as microRNA expression and methylation status also show promises as biomarkers for diagnostic, 
prognostic, and monitoring purposes (133,134,135). 


TABLE 13.4 Common Copy Number Variations and Translocations in Renal Epithelial Tumors 


Tumor Type Copy Number Variations/Translocations 


Clear cell RCC -3p (3p14.2, 3p21, 3p25) 
Additional: +5q, -14q, -9p, -6q, -8p, etc. 


Papillary RCC +7, +17 (trisomy or gain) 

Chromophobe RCC -1, -2, -6, -10, -13, -17, -21, -Y (monosomy or loss) 
Mucinous tubular and spindle cell carcinoma -1, -4, -6, -8, -9, -11, -13, -14, -15, -18, -22 
Oncocytoma -1, -14, -Y 


Rearrangement involving 11413 
Normal karyotype 


MiTF/TFE translocation-associated RCC t(X;1)(p11.2;q21.2): PROC-TFE3 
t(X;1)(p11.2;p34): PSF-TFE3 
t(X;17)(p11.2;325): ASPL-TFE3 
t(%17)(p11.2;q23): CLTC-TFE3 
t(X;3)(p11.2;q23): ?-TFE3 
inv(X)(p11.2;q12): NonO-TFE3 
t(6;11)(p21;q12): Alpha-TFEB 


( 
(X; 
(X; 
( 


ALK translocation RCC t(2;10)(p23;q22): VCL-ALK 
t(1;2)(p21;p23): TPM3-ALK 
inv(2)(p21p23): EML4-ALK 


RCC, renal cell carcinoma. 


Although many of these molecular tests have not been adopted in routine clinical practice, recent large-scale research efforts in genomic characterization of kidney 
cancer are rapidly expanding our knowledge and discovering novel genetic aberrations that may serve as potential 
P.302 
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candidates for biomarker development (136,137). Along with the improved readiness of various molecular tests for limited biopsy material, the role of molecular testing in 
renal biopsy interpretation is expected to increase in the future. The following is a brief description of molecular tests that are either currently performed or available in 
the workup of renal core biopsies. 


TABLE 13.5 Hereditary Renal Cell Carcinoma Syndromes and Associated Molecular Alterations 
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Gene 
Syndrome Clinical Manifestations (chromosome) Protein Normal Protein Function 
von Hippel-Lindau Clear cell RCC, VAL (3p25) pVHL Tumor suppressor, destabilizes HIF 
pheochromocytoma, pancreatic transcription factors 
endocrine tumors, CNS and retinal 
hemangioblastomas 
Hereditary papillary RCC Type | papillary RCC MET (7q31) MET Proto-oncogene, receptor tyrosine 
kinase, binds hepatocyte growth 
factor 
Birt-Hogg-Dubé Renal tumors (hybrid oncocytic and BHD/FLCN Folliculin (FLCN) Possible tumor suppressor, interacts 
other types) (17p11.2) with mTOR pathway 
Fibrofolliculomas 
Pulmonary cysts 
Hereditary leiomyomatosis and Renal cell carcinoma FH (1942.1) Fumarate Krebs cycle enzyme, converts 
RCC (HLRCC) Leiomyomas of skin and uterus hydratase fumarate to malate 
(leiomyosarcoma) 
Malignant 
pheochromocytoma/paraganglioma 
Tuberous sclerosis complex Multiple renal AMLs TSC1 (9q34) Hamartin TSC1/2 complex inhibits mTOR 
Cardiac rhabdomyomas TSC2 (16p13.3)  Tuberin signaling 
Hamartomas, neurologic 
disorders/seizures 
RCCs (morphologic spectrum) 
Succinate dehydrogenase B- Bilateral and extra-adrenal SDHB (1p36.1- Succinate Complex Il of the respiratory chain, 
associated pheochromocytoma/paraganglioma, p35) dehydrogenase mediates oxidation of succinate and 
Pheochromocytoma/paraganglioma RCC, and other malignancies carries electrons from FADH to CoQ 
syndrome type 4 
Hereditary hyperparathyroidism- Parathyroid tumors (adenoma or CDC73/HRPT2 Parafibromin Tumor suppressor, involved in 
jaw tumor syndrome carcinoma) (1925) transcriptional and 
Fibroosseous tumors of mandible posttranscriptional control pathways 
and maxilla 
Renal tumors (hamartoma, adult 
Wilms tumor, papillary RCC, etc.) 
and cysts 
PTEN hamartoma Breast, thyroid, and endometrial PTEN Phosphatidylinositol ^ Tumor suppressor, negatively 
syndrome/Cowden syndrome carcinomas (10q23.3) 3,4,5-trisphosphate regulates intracellular levels of 
Mucocutaneous manifestations 3-phosphatase and phosphatidylinositol-3,4,5- 
RCCs (papillary, chromophobe, dualspecificity trisphosphate and AKT/PKB 
and clear cell) protein signaling pathway 
phosphatase PTEN 
Constitutional chromosome 3 Clear cell RCC Balanced Unknown Unknown 
translocations translocations 
involving 
chromosome 3 
(various 
breakpoints and 
partners) 
BAP1 hereditary cancer Uveal melanoma BAP1 (3p21) BRCA1 associated Tumor suppressor, ubiquitin C- 
predisposition syndrome Cutaneous melanoma protein-1 terminal hydrolase, deubiquitinates 
Mesothelioma proteins that may be involved in the 
RCC regulation of transcription, cell cycle, 
Lung adenocarcinoma DNA damage response and 
chromatin dynamics. 
RCC, renal cell carcinoma; CNS, central nervous system; HIF, hypoxia-inducible factor; mT OR, mammalian target of rapamycin; AML, angiomyolipoma. 


Fluorescence In Situ Hybridization Assays 

Compared to conventional cytogenetics methods that require fresh tissue, FISH assays are readily applicable to limited FFPE tissue and are very useful tools in the 
differential diagnosis of renal epithelial tumors. Detecting gene rearrangement or fusion events is the primary use of FISH in this setting. One of the commonly used 
strategies is a break-apart assay in which dual color-labeled probe pairs bind to sequences flanking the breakpoint region in a gene/locus of interest, and a fusion results 
in a separation of two signals. With an advantage of discovering fusion events without prior knowledge of the fusion partners involved, a break-apart FISH assay is 
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sensitive and suitable for the initial screening. Additional FISH assays using dual-fusion strategy or polymerase chase reaction (PCR) tests amplifying the specific fusion 
products can then help define the fusion partners. FISH assays can also be used to investigate copy numbers of specific loci (e.g., MYC) or chromosomes using loci- 
specific probes or chromosome enumeration probes (CEPs) that recognize centromeric or pericentromeric repetitive satellite sequences. 


TFE3 AND TFEB FUSION. Increasing numbers of MiTF translocation-associated RCC are being recognized in the pediatric and adult populations, owing to the clinical 
utilization of TFE3/TFEB IHC and FISH testing. These tumors are defined by translocations involving MiTF/TFE family genes (TFE3 or TFEB). The TFE3 gene, located 
to Xp11.2, may fuse with one of multiple chromosomal sites (Table 13.4) and result in overexpression of the TFE3 protein (138,139,140). In TFEB translocation- 
associated tumors, the TFEB gene (6p21) is fused to the alpha (MALAT1) gene on 114812, resulting in overexpression of TFEB (141). Although both TFE3 and TFEB 
overexpression can be detected by IHC in a very specific manner (142,143), IHC assays for both markers are challenging tests to be optimized in clinical laboratories, 
and the results are sometimes equivocal. TFE3 and TFEB break-apart FISH assays have both been developed and validated in clinical settings 
(144,145,146,147,148,149,150,151). TFES FISH has particularly been shown to have a higher sensitivity than TFE3 IHC and often helps to resolve cases with equivocal 
IHC staining (147,148). 


ALK FUSION. Only six cases of ALK translocation RCC have been reported in the literature (152,153,154,155). Two of these cases occurred in young patients (6- and 
16-year-olds) with sickle cell trait and both demonstrated VCL-ALK fusion (152,153). On the other hand, in the four reported adult cases 
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with ALK fusions, the fusion partners were genes other than VCL ( TPM3, EML4, and two cases with not determined but non- VCL partners) (154,155,156). With this 
very limited experience, the histologic spectrum and clinical behavior of these ALK translocation RCCs are currently uncertain. However, new targeted agents 
specifically inhibiting ALK function, such as crizotinib, have become a viable treatment option for ALK-positive lung adenocarcinoma and potentially other ALK-positive 
neoplasms, prompting a need to better identify and characterize these ALK translocations RCCs. An U.S. Food and Drug (FDA)-approved ALK break-apart FISH test for 
detecting ALK-positive lung cancer can be used for identifying ALK-positive RCC. In addition, IHC methods have been developed to function as a screening tool for ALK 
fusion in lung cancer (157), which may also be useful for the initial screening of ALK translocation RCCs. 


TRISOMY 7/17. FISH tests for trisomy 7 and 17 can be used clinically to help establish a diagnosis of papillary RCC. When applied in renal core biopsies, they may help 
improve the classification of renal neoplasms (158,159,160). However, trisomies of 7 and 17 are less commonly seen in type 2 than type 1 papillary RCCs (161,162). 
The specificity of this test also needs to be further explored in other types of RCC that have been associated with trisomy 7 and/or 17 in the literature, such as mucinous 
tubular spindle cell carcinoma (163), tubulocystic RCC (164), and HLRCC-associated RCC (165) in the context of other molecular alterations identified in those cases. 


ADDITIONAL FISH ASSAYS. FISH tests evaluating the copy number gain/loss and rearrangement of multiple chromosomal loci, such as 3p25 (VHL), 11913 (CCND1 
rearrangement), chromosomes 2, 5q, 6, 7, 9, and 17 have been proposed as ancillary methods to aid in the sub-typing of renal cortical neoplasms on renal needle 
biopsies (158,159,160). 


Other FISH assays are also sometimes performed on renal needle biopsies for mesenchymal and pediatric tumors such as synovial sarcoma, Ewing sarcoma/primitive 
neuroectodermal tumor, solitary fibrous tumor, neuroblastoma, etc. These FISH tests are briefly described in their corresponding chapters. 


Single Nucleotide Polymorphism and Comparative Genomic Hybridization Arrays 
With rapid advances in technology, array-based SNP or CGH assays are being adapted to clinical FFPE material. Both assays can provide fast and comprehensive 
assessment of copy number variations, although SNP arrays can also detect copy number-neutral events called uniparental disomy (UPD) or copy number-neutral loss 
of heterozygosity (LOH), when a segment of one chromosome is replaced by the other allele without a change in copy number. The quantity of DNA required for these 
platforms are decreasing, and it is foreseeable that these assays will be incorporated into clinical practice in the near future for diagnostically challenging cases. 
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Sequencing 
GERMLINE GENETIC TESTING. Renal neoplasms can be the initial presentation in a variety of hereditary conditions (Table 13.5). When such a hereditary or 
syndromic condition is suspected on the basis of clinical presentations and histologic evaluation by pathologists, it should be properly communicated to the treating 
clinicians. Genetic counseling and germline genetic testing should be offered to patients and family members if deemed appropriate. The germline genetic testing 
methods often combine sequencing with copy number assessment to identify both mutations and large deletions in the genes of interest (e.g., VHL, TSC1, TSC2, and 
FH). 
SOMATIC ALTERATIONS. Delineating somatic alterations of renal tumors contributes significantly to uncovering the molecular mechanisms underlying tumor 
development and progression. For example, understanding the molecular pathways in clear cell RCC has led to an unprecedented advance of developing targeted 
therapies (166). The ongoing genomic research efforts in RCC, such as The Cancer Genome Atlas (TCGA) projects, are generating a more comprehensive roadmap for 
the molecular alterations in these tumors. The recently completed clear cell TCGA project (136) not only highlights the importance of the well-known VHL/HIF pathway 
but also emphasizes the roles of chromatin remodeling/histone methylation pathway and the PI(3)K/AKT pathway. PBRM1, SETD2, KDM5C, and BAP? were found to be 
the most commonly mutated genes after VHL, and many of the molecular correlates of patient survival were factors implicated in regulating metabolic pathways. Although 
studies are apparently required to further dissect out the roles of these molecular alterations, a need to stratify patients for clinical trial purposes may soon increase the 
amount of molecular testing performed in renal biopsy specimens. Next-generation sequencing indeed provides a platform to accomplish rather comprehensive molecular 
characterization in limited FFPE material (131). 


MOLECULAR TESTS IN ADRENAL NEOPLASMS 


Adrenal cortical tumors show an increased association with a number of familial cancer susceptibility syndromes. These include Beckwith-Wiedemann syndrome, linked 
to the 11p15 locus with paternal uniparental disomy and overexpression of IGF-2; Li-Fraumeni syndrome, associated with germline 7P53 (17q13.1) mutations; familial 
adenomatous polyposis; multiple endocrine neoplasia type 1 (MEN1, MEN? gene) syndrome; and neurofibromatosis type 1 (NF1, NF1 gene). Meanwhile, 
pheochromocytomas of the adrenal gland or paragangliomas of extra-adrenal sites are also linked to hereditary syndromes, such as multiple endocrine neoplasia type 2 
(MEN2, RET gene), von Hippel-Lindau (VHL, VHL gene), NF1, familial pheochromocytoma or paraganglioma disorders with mutations 
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in genes encoding the subunits of succinate dehydrogenase complex (SDHA, SDHB, SDHC, SDHD), etc. Similar to renal neoplasms, genetic counseling and germline 
testing may be indicated in the suspected cases. 


When compared to normal cortical tissue or cortical adenomas, adrenal cortical carcinoma have been reported to show increased chromosomal copy number changes 
and LOH, as well as different gene expression patterns (167,168). Transcription profiling studies have suggested molecular signatures for tumor classification or 
molecular predictors of clinical outcome (169,170). Currently, these molecular findings have not been used in the differential diagnosis of adrenal cortical neoplasms. 
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Cytology of Renal and Adrenal Lesions 


Jasreman Dhillon 
Debra L. Zynger 


Marino E. Leon 


Percutaneous sampling of renal masses has increased with the recent advances in interventional radiology 
techniques. Tissue from renal and adrenal masses can be sampled either by fine needle aspiration (FNA) or by 
thin core needle biopsy. The advantages of FNA are that it is relatively less invasive, cost-effective, amenable to 
immediate assessment, and can guide the radiologist regarding accurate targeting of the lesion for therapeutic 
intervention as well as for assessment of specimen adequacy. The cytology specimens may be collected by 
percutaneous computed tomography (CT) or ultrasound guidance, or by endoscopic ultrasound guidance 
through a gastrointestinal approach (1,2). However, it should be stated that core needle biopsy provides distinct 
advantages including preservation of the architecture of the tumor and better subclassification. Additionally, core 
needle biopsy provides a reserve of histologic tissue for ancillary techniques if needed. 


Rapid on-site evaluation of the cytology specimen at the time material is obtained allows for a timely 
communication with the radiologist or physician performing the procedure. An appropriate triage of the material 
may be performed at this time. The need for ancillary studies for diagnosis or guiding personalized therapies may 
require extra passes to obtain additional material for an adequate cell block, or a needle core biopsy may be 
needed and performed. Furthermore, the rapid on-site evaluation of delicate touch preparations of the obtained 
core biopsies by trained cytopathologists and cytotechnologists allows for the quick assessment of adequacy of 
the needle core biopsies. These steps may avoid an unsatisfactory result and the need for repeat procedures. 


Immunohistochemical stains are usually performed on sections of the cell blocks; it is preferable to stain sections 
from a cell block rather than smears as laboratories may use routine immunohistochemical methods and controls. 
Pathologists are more familiar with interpreting immunostained tissue sections than stained smears. Pathologists 
should be careful about not wasting this precious material that may also be required 
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for ancillary molecular studies (e.g., EGFR mutation, ALK translocation). As immunostains are very likely to be 
needed, unstained slides may be obtained during the preparation of routine hematoxylin and eosin sections, 
minimizing the loss of tissue. 


FINE NEEDLE ASPIRATION CYTOLOGY OF RENAL LESIONS 


Normal Elements 

Normal elements aspirated from the renal parenchyma include the proximal and distal tubular epithelial cells and 
glomeruli. The proximal tubular epithelial cells are present in loose aggregates which may show tubule formation. 
These cells have abundant granular cytoplasm and a single round nucleus and may resemble tumor cells of an 
oncocytoma and chromophobe renal cell carcinoma (RCC). The distal tubular epithelial cells have relatively 
scant granular cytoplasm as compared to the proximal tubules. These cells can be confused with clear cell RCC 
and papillary RCC. The glomeruli are large dense round structures which contain capillary loops within them. 
Glomeruli can be confused with RCC on smears (Fig. 14.1). 


Clear Cell Renal Cell Carcinoma 
The cytology smears are usually very hemorrhagic due to the rich vascularity of the tumor. The neoplastic cells 
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are present in large cohesive cell 
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groups and as single cells. The malignant cells have abundant cytoplasm and a single round nucleus with a 
prominent nucleolus (Fig. 14.2). The nuclear to cytoplasmic ratio is low. The cytoplasm is translucent and may 
be vacuolated (Fig. 14.3). Cell membranes are poorly defined. In higher grade tumors, more isolated single cells 
are present. The cytoplasm becomes less vacuolated and the nucleoli are more prominent and larger. 
Neutrophils may be present within the cytoplasm of the tumor cells (eFig. 14.1). In low-grade tumors, the 
neoplastic cells are arranged in small sheets which resemble the normal distal tubular epithelial cells. Apart from 
the increased cellularity in the smears from tumors, the cytomorphology of the tumor cells can be very similar to 
the normal distal tubular epithelial cells (3,4). Cell block material is very helpful in these situations (eFig. 14.2). 
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FIGURE 14.1 Glomerulus: a round structure with small-sized capillaries evident toward the periphery 
(Papanicolaou stain). 


www.ketabpezeshki.com 66485457-66963820 


oe 
€ > 


e 
` 
e 
FIGURE 14.2 Clear cell RCC: a cluster of cells with round nuclei, prominent nucleoli, and a moderate amount of 
cytoplasm with indistinct cell membranes (Papanicolaou stain). 


The differential diagnosis includes benign tubular epithelial cells, adrenal cortical cells, hepatocytes, 
macrophages, and other subtypes of RCC such as papillary RCC and MiTF family associated RCC. Aspirates of 
benign tubular epithelial cells are hypocellular and are present in small clusters. These cells usually lack 
vacuolated cytoplasm. Adrenal cortical cells are composed of bare nuclei without significant atypia, often present 
in a background of proteinaceous debris. The cytomorphologic features of papillary RCC and translocation RCC 
are described in detail in Chapters 3 and 4, respectively. Immunohistochemical stains are very helpful in 
differentiating clear cell RCC (positive for carbonic anhydrase IX [CA-IX], CD10, and epithelial membrane antigen 
[EMA]; negative for 
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CK7 and AMACR) from papillary RCC (positive for CD10, EMA, CK7, and AMACR; negative or focally positive 
for CA-IX) or translocation RCC (positive for CD10 and AMACR; negative for CK7 and EMA). In addition, 
translocation RCC will be positive for the immunohistochemical stain TFE3. 
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FIGURE 14.3 Clear cell RCC: tumor cells with vacuolated cytoplasm and pink strand-like material (Diff-Quik 
stain). 


Papillary Renal Cell Carcinoma 


On smears, the cells of papillary RCC may be arranged in papillae containing fibrovascular cores, spherules, and 
tubules (Figs. 14.4 and 14.5, eFig. 14.3). The background can show abundant macrophages or may be necrotic 
(eFig. 14.4). The fibrovascular cores may be distended with macrophages. The lining epithelial cells of type 1 
papillary RCC are usually round and monomorphic. Type 2 nuclei are more atypical and have prominent nucleoli 
(Fig. 14.6). Intracytoplasmic hemosiderin deposition and psammoma bodies may be admixed with the tumor cells 
(5,6,7,8). Immunohistochemistry may be helpful for the diagnosis. At the same time, diagnosis of type 2 papillary 
RCC can only be suggested and should not be made with certainty on FNA material, as a number of other 
primary renal tumors can show similar cytoarchitectural features in limited material. 


Normal renal parenchymal components such as glomeruli and distal tubular epithelial cells can be confused with 
papillary RCC on smears. The cytomorphology of papillary RCC type 1 is similar to that of distal tubular epithelial 
cells. However, the aspirations containing distal tubular epithelial 
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cells are paucicellular and the cells are not arranged in papillae and spherules. On low power, glomeruli may 
appear as spherules, but on higher power examination, the capillary loops present within the glomeruli help in 
recognizing them. Metanephric adenoma may be extremely difficult to distinguish from papillary RCC, especially 
type 1, on smears alone. Immunohistochemical stains on a cell block may help distinguish papillary RCC 
(positive for CK7 and EMA; negative for WT 1) from metanephric adenoma (positive for WT1 and CD57; negative 
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for CK7 and EMA). Clear cell RCC and translocation RCC are also included in the differential diagnosis. 


FIGURE 14.4 Papillary RCC: tumor cells arranged in a papilla (Papanicolaou stain). 
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FIGURE 14.5 Papillary RCC: tumor cells forming spherules (Papanicolaou stain). 


www.ketabpezeshki.com 66485457-66963820 


FIGURE 14.6 Papillary RCC: tumor cells with prominent nucleoli and intracytoplasmic hemosiderin deposition 
(Papanicolaou stain). 


Chromophobe Renal Cell Carcinoma 

The aspirates are very cellular and show loosely cohesive tumor cells that have abundant granular and fluffy 
cytoplasm in the classical chromophobe RCC (eFig. 14.5). Nuclei are pleomorphic with the presence of 
binucleation, irregular nuclear contours, grooves, and pseudoinclusions. Nucleoli are usually not prominent. 
Perinuclear clearing is best appreciated on the Romanowsky-stained smears. These cytomorphologic findings 
when fully developed give the tumor cells a koilocytoid appearance which is very characteristic of chromophobe 
RCC (Fig. 14.7) (9,10). The eosinophilic variant is composed of cells that are smaller than the cells of the classic 
variant and have lesser volume of eosinophilic cytoplasm. These features make it very difficult to distinguish 
them from oncocytoma. 
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FIGURE 14.7 Chromophobe RCC: a binucleated tumor cell exhibiting mild pleomorphism (Diff-Quik stain). 


Classic variant of chromophobe RCC should be distinguished from clear cell RCC and the eosinophilic variant 
from oncocytoma. The nuclei of clear cell RCC are round with prominent nucleoli, whereas chromophobe RCC 
nuclei are irregular, hyperchromatic, and may not have prominent nucleoli. Perinuclear halos when present are 
helpful to render a diagnosis of chromophobe RCC. Nuclei of an oncocytoma are round with conspicuous small 
nucleoli. When in doubt, a diagnosis of an oncocytic neoplasm can be rendered with a differential diagnosis of 
eosinophilic chromophobe RCC and oncocytoma. Chromophobe RCC is usually diffusely and strongly positive 
for CK7, whereas oncocytoma is negative or only focally positive. However, some eosinophilic chromophobe 
RCCs may show very focal staining for CK7. 


MiTF Family Associated RCC 


On cytology smears, the tumor cells may form papillae and spherules (eFig. 14.6). The tumor cells have 
abundant translucent cytoplasm and a single round nucleus with a prominent nucleolus (Fig. 14.8). Alternatively, 
the tumor cells may be arranged around small acellular hyaline material (Fig. 14.9), a feature that is more 
commonly seen in TFE3 tumors. Psammoma bodies may be present in the background. Nuclear positivity for 
TFE3 immunostain is a reliable marker for this RCC. Clear cell RCC and papillary RCC are in the differential 
diagnosis. Immunohistochemical stains on cell block sections help diagnose this relatively rare entity. 
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FIGURE 14.8 Translocation associated RCC: tumor cells have a moderate amount of cytoplasm and a round 
nucleus with a conspicuous nucleolus (Papanicolaou stain). 
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FIGURE 14.9 Translocation associated RCC: tumor cells surrounding acellular, globular, hyaline material (Diff- 
Quik stain). 


Medullary Renal Cell Carcinoma 


FNA smears are composed of loosely cohesive groups and single cells. The tumor cells are moderately 
pleomorphic and have a high nuclear to cytoplasmic ratio with a prominent nucleolus. Many tumor cells have 
intracytoplasmic vacuoles containing mucin (Fig. 14.10, eFig. 14.7). The background has an acute inflammatory 
cell infiltrate and necrosis (11,12). Sickled red blood cells may be present in the cell block preparation. Medullary 
RCC has to be differentiated from urothelial carcinoma of the renal pelvis and collecting duct carcinoma of the 
kidney. Clinical features and cytomorphology along with immunohistochemical stains may help differentiate these 
entities. Urothelial carcinoma will be positive for immunostains GATA3, p63, and HMWCK, which are usually 
negative in medullary RCC. Medullary carcinoma typically shows loss of nuclear staining for BAF47 (INIT). 


Mucinous Tubular and Spindle Cell Carcinoma 


The aspirate smears are cellular and consist of loosely cohesive clusters of oval to spindle tumor cells arranged 
in sheets and pseudopapillary aggregates (Fig. 14.11) (13,14). Scattered single tumor cells are present in the 
background. The tumor cells are mildly pleomorphic with a moderate amount of delicate cytoplasm with indistinct 
cell borders (Fig. 14.12). 


Some of the tumor cells have finely vacuolated cytoplasm (eFig. 14.8). Metachromatic, amorphous matrix is 
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present usually intermingled with the tumor cells. This tumor has overlapping features with papillary RCC. 
Smears and cell block sections from papillary RCC show true papillae with fibrovascular cores and absence of 
spindle cells. However, it can be extremely difficult to separate the two entities using cytology. 


FIGURE 14.10 Medullary RCC: undifferentiated, pleomorphic tumor cells with a high nuclear to cytoplasmic ratio 
(Papanicolaou stain). 
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FIGURE 14.11 Mucinous tubular and spindle cell carcinoma: clusters of epithelioid to short spindle cells 
embedded in metachromatic matrix (Diff-Quik stain). 
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FIGURE 14.12 Mucinous tubular and spindle cell carcinoma: round to oval tumor cell nuclei with a moderate 
amount of cytoplasm, indistinct cytoplasmic membranes, and calcifications (Diff-Quik stain). 


Oncocytoma 

Smears are highly cellular and are composed of loose clusters of monomorphic tumor cells (Fig. 14.13) admixed 
with numerous single isolated tumor cells. The tumor cells have abundant granular cytoplasm and round nuclei 
with conspicuous nucleoli (eFig. 14.9) (15). When atypia is identified, it is of the endocrine type in which there 
are isolated bizarre tumor cells with hyperchromatic nuclei, somewhat smudged chromatin, and without 
prominent nucleoli. 


The tumor cells resemble proximal tubular epithelial cells, hepatocytes, clear cell RCC, and eosinophilic 
chromophobe RCC. The aspirate of proximal tubular epithelial cells is usually scant and cells may be admixed 
with other normal renal parenchymal components. Distinction from classical chromophobe RCC is largely 
dependent on the nuclear features and ancillary staining pattern as described in Chapter 3. Distinction from the 
eosinophilic chromophobe RCC may be extremely difficult. Clear cell RCC aspirates have relatively more 
cohesive clusters of tumor cells with delicate wispy cytoplasm that is less granular compared to oncocytoma. The 
nuclear 
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outline is more irregular in clear cell RCC. However, because some RCCs have focal areas with oncocytic 
features, it is controversial if oncocytomas should be diagnosed using FNA alone (16). It is currently 
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recommended that renal tumors with cytomorphologic features and staining characteristics of an oncocytoma be 
diagnosed as renal oncocytic neoplasms with a comment listing the differential diagnosis. 
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FIGURE 14.13 Oncocytoma: loosely cohesive cluster of oncocytic cells with scattered single cells (Diff-Quik 
stain). 


Angiomyolipoma 

FNA smears are composed of an admixture of fragments of adipose tissue, thick vessels, and smooth muscle 
cells with moderate to severe nuclear atypia (Fig. 14.14). Tumors with adequate fat are diagnosed 
radiographically and hence are seldom aspirated. It is the fat-poor tumors that are usually aspirated, and in these 
aspirations, diagnosing angiomyolipoma may be a challenge. In fat-poor tumors, the smooth muscle component 
usually predominates in the aspirate. The smears show large groups of elongated and round cells (Fig. 14.15). 
The cells are cohesive and single cells are rare. At higher power, the cells consist predominantly of atypical 
elongated or epithelioid smooth muscle cells (Fig. 14.16) (17). The epithelioid variant of angiomyolipoma consists 
of epithelioid cells with nuclear atypia and prominent nucleoli. Angiomyolipoma must be differentiated from RCC, 
liposarcoma, leiomyoma, and leiomyosarcoma. In addition, the epithelioid variant has to be differentiated from 
melanoma and adrenocortical carcinoma. Immunostains performed on cell block sections are helpful in 
distinguishing these entities. 
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FIGURE 14.14 Angiomyolipoma: adipose tissue and smooth muscle components (Diff-Quik stain). 
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FIGURE 14.15 Angiomyolipoma: oval to round tumor cells admixed with fat (Papanicolaou stain). 
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Metanephric Adenoma 

Smears are cellular and consist of small short papillae, small tubules, and loose sheets of cells with scant 
cytoplasm, round nuclei, and fine chromatin with inconspicuous nucleoli (Figs. 14.17 and 14.18, eFig. 14.10) 
(18). Metanephric adenoma has to be differentiated from low-grade papillary RCC and epithelial-predominant 
Wilms tumor. Low-grade papillary RCCs have more cytoplasm and will be positive for EMA and CK7 and 
negative for WT 1. It can be virtually impossible to distinguish metanephric adenoma from an epithelial- 
predominant Wilms tumor on cytology alone. 


Metastatic Tumors 

The lung is the most common primary origin of metastases to the kidney (19). Other sites may include thyroid, 
cervix, or adrenal gland, mostly as direct extension of the tumor (eFig. 14.11). Lung cancers are usually positive 
for TTF-1 and Napsin A, whereas primary renal tumors will be positive for PAX8 and PAX. Thyroid primary 
tumors such as papillary thyroid carcinoma may be positive for PAX8 but in addition will be positive for thyroid 
transcription factor-1 (TTF-1) and thyroglobulin and will be negative for PAX2. Primary high-grade poorly 
differentiated carcinomas which can be confused with a metastatic tumor are urothelial carcinoma, medullary 
carcinoma, sarcomatoid RCC, and collecting duct RCC. Clinical history and immunohistochemical stains are 
useful in establishing the correct diagnosis. 
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FIGURE 14.17 Metanephric adenoma: tumor cells arranged in short papillae (Papanicolaou stain). 
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FIGURE 14.18 Metanephric adenoma: small cuboidal cells forming tubules (Diff-Quik stain). 


FINE NEEDLE ASPIRATION CYTOLOGY OF ADRENAL NEOPLASMS 


Nonneoplastic Adrenal Cortical Nodule/Adrenal Cortical Adenoma 

The smears of these lesions show many cells with oval to round naked nuclei and a background of bubbly, 
granular material and lipid, with structures that resemble vacuoles (20). This material represents the cytoplasmic 
contents of the fragile tumor cells (Fig. 14.19, eFig. 14.12). Additionally, cohesive clusters with syncytial 
arrangements admixed with endothelial cells may be seen (20). These features are frequent in benign adrenal 
nodules but may be rarely seen in cases of metastatic carcinoma. 


Adrenal Cortical Carcinoma 


The material is hypercellular and has a necrotic background (21). The cells appear as isolated epithelioid cells 
with polygonal to plasmacytoid morphology with moderate to marked nuclear pleomorphism, irregular nuclear 
outlines, mitoses, and prominent nucleoli (21). Naked nuclei are not a feature of adrenal cortical carcinoma 
(20,22). The cells tend to show preserved granular or microvacuolated cytoplasm (Figs. 14.20 and 14.21). In 
large lesions showing pleomorphism, many mitoses, atypical mitoses, and necrosis and clinical evidence of 
metastasis, a diagnosis of adrenal cortical carcinoma is favored (21). Nuclear pleomorphism is very likely a 
feature of adrenocortical carcinoma rather than an adenoma (22), yet by itself, this finding does not predict the 
clinical behavior of the lesion with certainty. The histologic criteria for malignant adrenocortical tumors cannot be 
reliably assessed in cytology material; thus, an accurate 
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way to separate carcinoma from adenoma is not practical (22). Given the limitations of cytology, in some cases, 
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the indeterminate interpretation of “adrenal cortical neoplasm of uncertain malignant potential” is suggested. The 
final classification should be based only on the excised specimen. Immunostains for pankeratin, inhibin, Melan-A, 
and calretinin may be 


useful in corroborating the adrenal origin of the lesion (21). Cytologic and immunophenotypic results should be 
correlated with the clinical and imaging findings. For the majority of cases, in a small tumor without atypia, 
necrosis, and mitosis, adrenal cortical adenoma is favored. 


FIGURE 14.19 Benign adrenal cortical nodule: adrenal cortical cells with granular and vacuolated cytoplasm and 
bland nuclear features (Diff-Quik stain). 
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FIGURE 14.20 Adrenal cortical carcinoma: cells with granular and microvacuolated cytoplasm and nuclear atypia 
including irregular nuclear outlines (Diff-Quik stain). 
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FIGURE 14.21 Adrenal cortical carcinoma: cells with granular cytoplasm and mild nuclear atypia and 
conspicuous nucleoli (Papanicolaou stain). 


Pheochromocytoma 


The cells of pheochromocytoma are rarely seen in an FNA material. Due to the fact that hypertension, 
hemorrhage, and death have occurred with FNA, this procedure is avoided in these lesions. Pheochromocytoma 
aspirates are cellular, the cells are epithelioid polygonal to spindled of varying sizes and contain abundant 
cytoplasm with microvacuoles (23,24). The nuclei may be binucleate or multinucleate, with variability of size 
(anisonucleosis), focal irregular outlines, focal atypia, and pleomorphism (24). Naked nuclei can be present (Fig. 
14.22) (24). On Papanicolaoustained material, the nuclear chromatin appears evenly distributed with fine 
granularity, the so- called salt and pepper chromatin, with variable nucleoli (23). Intranuclear pseudoinclusions 
are also conspicuous on a Papanicolaou stain (Fig. 14.23) (24). Additionally, the cells may be seen along 
ramifying central cores and in a suggestive Zellballen pattern (23). The benign or malignant nature of the lesion 
cannot be established on cytologic material, as lymphovascular invasion and metastasis are not evaluable. 
Morphologically, pheochromocytoma may mimic adrenal cortical neoplasms. Immunohistochemically, 
pheochromocytoma shows expression of chromogranin and synaptophysin (24), whereas adrenal cortical 
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lesions are positive for inhibin, Melan-A, and calretinin and are negative for chromogranin (21). 
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FIGURE 14.22 Pheochromocytoma with epithelioid to spindle cells with variability of size, focal irregular outlines, 
focal marked atypia, pleomorphism, and plasmacytoid appearance (Diff-Quik stain). 
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FIGURE 14.23 Pheochromocytoma cells with marked atypia, pleomorphism, evenly distributed chromatin, fine 
granularity, and intranuclear pseudoinclusions (Papanicolaou stain). 
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FIGURE 14.24 Metastatic lung adenocarcinoma: markedly atypical cells with irregular nuclear outlines and 
microvacuoles in the cytoplasm (Diff-Quik stain). 


Metastatic Lung Adenocarcinoma 

Lung adenocarcinoma is frequently encountered in FNA material from the adrenal gland (25). These tumor cells 
may mimic an adrenal cortical carcinoma. The cells are polygonal. The cytoplasm can have microvacuoles. 
Some cells may show a plasmacytoid appearance with eccentrically located nuclei. The nuclei contain irregular 
nuclear outlines and prominent nucleoli (Fig. 14.24). 


Metastatic Small Cell Carcinoma 
Small cell carcinoma may be encountered in FNA material of the adrenals (26). The patient usually has a prior 
history of small cell carcinoma or a concurrent history of a lung or mediastinal mass. The smears are cellular. At 
low power, clusters and tridimensional fragments of cohesive tumor cells are noted. The cells are fragile and 
strands of nuclear material are frequently noted in the FNA smears. The cells show high nuclear to cytoplasmic 
ratio and may be of intermediate size. Irregular nuclear outlines and molding are noted (Fig. 14.25). Mitotic 
figures and necrosis are frequently seen. The tumor cells are positive for cytokeratins (AE1/AE3) with a focal dot- 
like pattern, or in a delicate “dusty” cytoplasmic pattern reflecting the high nuclear to cytoplasmic ratio. A dusty 
pattern of the 
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chromogranin and synaptophysin immunostains may also be noted. These cells are often positive for TTF-1. 
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FIGURE 14.25 Metastatic small cell carcinoma: markedly atypical cells with high nuclear to cytoplasmic ratio, 
scant cytoplasm, irregular nuclear outlines, nuclear molding, and nuclear “DNA strands" (Diff-Quik stain). 


Metastatic Clear Cell Renal Cell Carcinoma 

Metastatic clear cell RCC may be difficult to distinguish from adrenal cortical carcinoma. The tumor cells can 
have clear to granular cytoplasm. The nuclei are round to pleomorphic with clear chromatic, irregular nuclear 
outlines and variable nucleoli (eFig. 14.13). Immunostains of the cell block or core biopsy may be required to 
confirm the diagnosis. 
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